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Miscanthus is a bioenergy feedstock crop that has only recently become the subject of modern 
breeding efforts. It also has more than a 100 year history as an ornamental crop in the U.S., with 
many cultivars currently sold by the horticulture trade. Miscanthus is a perennial, self-
incompatible, C4 grass, with some genotypes capable of maintaining high rates of photosynthesis 
under cold temperatures, which makes it a good choice for biomass production in the 
Midwestern U.S. The efficiency of breeding improved Miscanthus biomass cultivars would be 
greatly increased by using marker-assisted selection, because phenotypic selection for yield traits 
must typically be done in the second and third years of field trials. Thus, high-density genetic 
maps will be useful for identifying marker-trait associations that could facilitate mapping and 
breeding efforts in Miscanthus. Recently, a framework genetic map for M. sinensis was 
developed at the University of Illinois based on 658 single nucleotide polymorphism (SNP) 
markers using a GoldenGate genotyping array. However, sequencing of restriction site 
associated DNA tags (RAD-seq) is a promising approach for obtaining thousands of SNPs at 
lower cost than with GoldenGate. A major goal of the current research was to develop high 
density genetic maps of M. sinensis that integrate thousands of new RAD-seq SNPs with 
previously mapped but less numerous GoldenGate SNPs. In the present work, a mapping 
population consisted of 261 F1 progeny was developed from a cross between two diploid M. 
sinensis cultivars, ‘Strictus’ and ‘Kaskade’. SNP genotyping included 138 previously mapped 
GoldenGate SNPs and 3,044 single copy RAD tags assayed by high-throughput sequencing and 
called via the UNEAK pipeline in Tassel 3.0. Separate high-density genetic maps were produced 
for both the female parent (‘Strictus’) and the male parent (‘Kaskade’) using the regression 
mapping algorithm in JoinMap4.1. A composite genetic map was constructed for M. sinensis 
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using the maximum likelihood mapping algorithm in JoinMap4.1. Zebra stripe mutants, 
characterized by horizontal yellow-green/white crossbands on the leaves (perpendicular to the 
leaf axis), have been found in many grasses, and a number of zebra stripe genes have been 
mapped in maize and rice. However, only one study on zebra stripe in Miscanthus has been 
published; a single locus model was suggested for this striping trait but it was not mapped. In the 
present study, segregation of zebra striping was observed in the F1 mapping population and 
mapped as an example to confirm the utility of the new map. Quantitative trait loci (QTL) 
analysis identified three QTL for zebra stripe presence/absence and three for zebra stripe 
intensity. Two of the zebra stripe intensity QTL may be the same as two of the zebra stripe 
presence/absence QTL, or tightly linked. We determined that the inheritance of the trait was 
recessive but incomplete penetrance was observed for each zebra stripe presence/absence QTL. 
Epistatic interactions were important to the expression of the trait. Three-loci models explained 
up to 63% of the total variation for zebra stripe presence/absence and 68% for zebra stripe 
intensity. Comparative mapping indicated putative correspondence between QTL detected in 
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CHAPTER I: LITERATURE REVIEW 
Miscanthus  
Miscanthus is a perennial, self-incompatible, C4 warm season grass. Taxonomically, Miscanthus 
is classified in the tribe Andropogoneae within the Poaceae family, which includes several 
species of high agricultural and economic value such as maize, sorghum and sugarcane (Clifton-
Brown et al., 2008). The number of species within the genus Miscanthus is still a subject of 
debate, and continuing investigation. Clayton and Renvoize (1986) classified the genus 
Miscanthus into approximately 20 species, most of which are native to eastern or southeastern 
Asia (China, Taiwan, Japan, Korea and south), with two species found in the Himalayas and four 
in southern Africa (Hodkinson et al., 2002a). Recent molecular marker data and phylogenetic 
analysis showed that 5-6 species were defined within Miscanthus sensu stricto (s.s.) on the basis 
of DNA sequence and fingerprinting data (Chen & Renvoize, 2005; Hodkinson et al., 2002a, b). 
Three Miscanthus species, M. × giganteus, M. sacchariflorus, and M. sinensis have been 
identified as having high potential for biomass production (Jones & Walsh, 2001).  
Miscanthus s.s. species are native to eastern or southeastern Asia, and widely distributed 
from about ~ 50˚ N in Siberia, throughout the temperate zone to ~ 22˚ S in the tropical zone of 
Polynesia (Hodkinson et al., 1997; Hodkinson et al., 2002a). Adaptation of Miscanthus 
populations to cold and temperate climates makes this crop well adapted to Europe and the U.S. 
The native distribution of M. sacchariflorus is limited to temperate regions of China (e.g. Hunan, 
Hubei provinces to the border of eastern Russia), Korea, Russia, and Japan (Sacks et al., 2013), 
whereas M. sinensis is found in temperate, subtropical and tropical areas of southeastern Asia, 
including China, Korea and Japan, and it is the most broadly distributed Miscanthus species in 
Asia (Lee, 1993; Shouliang & Renvoize, 2006; Sun et al., 2010; Sacks et al., 2013).  
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Miscanthus species have traditionally been used for grazing and burning in China and 
Japan for thousands of years (Stewart et al., 2009), and recently have become the focus of 
sustainable biomass production to meet renewable-energy needs (Clifton-Brown et al., 2004). 
Unlike most C4 warm-season grass, some Miscanthus cultivars can maintain high photosynthetic 
rates at low temperatures, which occur naturally early and late in the growing season (Beale et al., 
1996), explaining why its canopy can be rapidly formed in the spring and maintained over a long 
growing season (Dohleman & Long, 2009).  
So far, the most promising biofuel candidate for Miscanthus feedstock production in the 
emerging U.S. bioenergy industry is a single genotype of M. × giganteus (Heaton et al., 2010). 
In 1935, a sterile triploid individual of M. × giganteus was brought from southern Japan to 
Denmark by Aksel Olson and has been cultivated and distributed since then (Linde Laursen, 
1993; Greef et al., 1997; Lewandowski et al., 2000; Głowacka et al., 2014). High biomass yields 
of this genotype and its broad adaptation to temperate agricultural regions made this single 
genotype an excellent feedstock candidate for biofuel production in the Midwest U.S., along with 
its remarkable sustainability via perennial growth, efficient nutrient recycling, and below ground 
carbon sequestration compared to maize and switchgrass (Heaton et al., 2004; Heaton et al., 
2008; Heaton et al., 2010; Somerville et al., 2010; Purdy et al., 2013). Dohleman and Long 
(2009) demonstrated that this M. × giganteus genotype is 60% more productive than maize in the 
US ‘Corn Belt’; Propheter and Staggenborg (2010) observed in Kansas that it yielded about 
twice as much as maize. Naidu et al. (2003) discovered that this genotype can maintain 80% 
higher photosynthetic yields at 14/11˚C (day/night) than maize. Further research has shown that 
the two enzymes involved in photosynthesis, pyruvate phosphate dikinase (PPDK) and ribulose-
1,5-bisphosphate carboxylase oxygenase (RuBisCO) are most likely responsible for the recovery 
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and maintenance of photosynthetic capacity in M. × giganteus at low temperature (Naidu & 
Long, 2004; Wang et al., 2008). Moreover, perenniality is another advantageous trait for 
bioenergy feedstock, because it contributes to several environmental benefits such as nitrogen 
use efficiency, water use efficiency and soil erosion control, especially compared to annual crops. 
However, the limitations of using this single sterile M. × giganteus genotype for biomass 
production include slow and expensive vegetative propagation, high field establishment costs, 
and potential risk of disease or pest damage due to lack of genetic diversity. Given the lack of 
genetic diversity available to Miscanthus farmers, an understanding on Miscanthus genetics 
would facilitate the much-needed breeding of additional M. × giganteus cultivars. 
The basic chromosome number in Miscanthus is 19 (Adati et al., 1962). The ploidy level 
in Miscanthus species ranges from diploid to hexaploid but diploid and tetraploid are common 
(Clifton-Brown et al., 2008). M. sinensis is typically diploid with a monoploid genome size of 
about 1.5-2.8 pg (Clifton-Brown et al., 2008; Rayburn et al., 2009; Sacks et al., 2013), whereas 
M. sacchariflorus is usually diploid in China and Russia, but only tetraploids have been observed 
in Japan with a monoploid genome size of about 2.1-2.3 pg (Hirayoshi et al., 1957; Rayburn et 
al., 2009; Sacks et al., 2013; Li et al., 2013; Moon et al., 2013; Chae et al., 2014). The strong 
candidate for high biofuel production, a sterile M. × giganteus genotype, is an allotriploid 
(3n=57) hybrid produced from a cross between a diploid M. sinensis (2n=38) and a tetraploid M. 
sacchariflorus (4n=76) (Greef & Deuter, 1993; Hodkinson & Renvoize, 2001; Hodkinson et al., 
2002c). Because this genotype is unable to produce viable seeds, it has a low risk of becoming 
invasive plant, but sterility imposes limitations on improving this genotype through conventional 
breeding methods.  
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A number of approaches have been used to increase the genetic diversity of M. × 
giganteus so that more than just one sterile triploid genotype will be made available to farmers. 
Collection of naturally occurring triploid M. × giganteus from areas where sympatric 
populations of M. sinensis and tetraploid M. sacchariflorus exist is one solution (Nishiwaki et al., 
2011; Stewart et al., 2009). Petersen et al. (2002) and Yu et al. (2009) restored fertility of M. × 
giganteus by manipulating ploidy levels in order to circumvent reproductive barriers between 
species. Yu et al. (2009) applied methods that were used to double the chromosome number in 
maize callus (Wan et al., 1991) in order to regenerate the fertile hexaploids from triploid M. × 
giganteus. Chromosome-doubled plants were obtained from their study and pollen was shown to 
be viable but no seed was produced, which may be due to the obligate outcrossing nature of 
Miscanthus species. Furthermore, genetic modification of Miscanthus by Agrobacterium 
tumefaciens (Engler & Chen, 2009) and by particle bombardment (Wang et al., 2011) has been 
reported.  
Despite the success in doubling the chromosome number and genetic transformation of 
the sterile triploid M. × giganteus, depending on a single clonally propagated genotype for 
biofuel production poses inherent risks because a new disease or pest could result in severe 
damage to plantings. Moreover, breeding additional M. × giganteus cultivars with improved 
winter hardiness, and high yield-potential for the Midwest U.S. is critical because the current 
cultivar is insufficiently hardy to establish well during cold winters in central Illinois. Based on 
the reasons above, superior Miscanthus cultivars should be bred by choosing parents with desired 
traits. Substantial genetic variation has been found among the parental species of M. ×giganteus, 
M. sacchariflorus and M. sinensis (Jorgensen & Muhs, 2001, Clark et al., 2014a; Clark et al., 
2014b; Głowacka et al., 2014). Thus, future breeding strategies for Miscanthus will be directed 
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towards the improvement of the parental species followed by interspecific crosses to remake M. 
× giganteus. Improvement of M. sacchariflorus has been limited in the U.S. because there have 
been only one diploid and two tetraploid genotypes commercially available. Recently, collection 
of M. sacchariflorus germplasm by the University of Illinois and others has circumvented this 
barrier to progress. On the other hand, because M. sinensis is adapted to a diverse range of 
environments and many ornamental genotypes have been available commercially in the U.S. and 
Europe, considerable genetic variation within this species has been available for plant breeders to 
make genetic gains for key traits towards breeding improved M. × giganteus cultivars.  
Interspecific hybridizations in Miscanthus can be a useful approach to increasing genetic 
diversity of Miscanthus grown for biomass. Martin Deuter, the breeder at Tinplant Biotechnik 
und Pflanzenvermehrung GmbH, a German commercial breeding company, developed a number 
of selections from crosses between M. sacchariflorus and M. sinensis. In 2006, Tinplant released 
two cultivars named M. × giganteus ‘Amuri’, and ‘Nagara’. ‘Amuri’ consisted of multiple 
selected diploid M. × giganteus genotypes produced from a diploid M. sacchariflorus crossed 
with a diploid M. sinensis, whereas ‘Nagara’, is a triploid M. × giganteus genotype derived from 
a cross between a tetraploid M. sacchariflorus and a diploid M. sinensis (Sacks et al., 2013). 
Transgressive segregation can be captured and exploited from such interspecific crosses. 
Hirayoshi et al. (1960) made a cross between a diploid M. sinensis var. condensatus and a 
natural tetraploid M. × giganteus (Japanese Ogi) and obtained both triploid and tetraploid 
progenies. Both types of progenies showed transgressive segregation for biomass traits 
(Hirayoshi et al., 1960), however, the tetraploid progeny yielded higher than its parents and the 
triploid progeny (Matumura et al., 1985, 1987). Recently at the University of Illinois, new 
triploid M. × giganteus individuals have been bred from the cross of diploid M. sinensis by 
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tetraploid M. sacchariflorus (Chae et al., 2013). One of the genetic maps recently published was 
based on a diploid M. sacchariflorus × M. sinensis interspecific cross population (Kim et al., 
2012). Thus, hybrids produced from these interspecific crosses suggest that crossing diploid M. 
sacchariflorus and diploid M. sinensis may also be a useful strategy for breeding superior 
Miscanthus cultivars. Selections of M. sacchariflorus and M. sinensis can be used as parents to 




Genetic markers and genetic mapping 
Genetic markers 
Genetic markers are specific locations on a chromosome, representing differences between 
individuals of the same or different species (Staub et al., 1996; Tanksley, 1983). Genetic markers 
can be classified into two major types: morphological markers, also known as visible or classical 
markers and molecular markers (Kumar, 1999). Morphological markers themselves are 
phenotypic traits or characters that can be visually monitored. Molecular markers have been 
developed to detect and track the polymorphisms at the protein level (known as biochemical 
markers) and at the DNA level (called DNA markers) (Jones et al., 1997; Kumar, 1999; Winter 
& Kahl, 1995). Isozyme markers are the most commonly used protein markers, which are allelic 
variants of the same enzyme detected by electrophoresis and specific staining (Vodenicharova, 
1989). DNA markers can be divided into two categories: hybridization-based markers and PCR-
based markers, depending on how the polymorphism is revealed.  
Unlike traditional phenotypic markers that are limited in number and may be influenced 
by environmental factors and/or developmental stage of the plants (Winter & Kahl, 1995), 
molecular markers are advantageous for plant breeders, because they are detectable in all stages 
of plant growth development and are not affected by the environment (Winter & Kahl, 1995). 
Moreover, using molecular markers decreases time to produce crop varieties with desirable traits 
and improves breeding efficiency and precision. Thus, many agricultural research institutes as 
well as private plant breeding companies have been striving to develop useful markers to 
facilitate the application of molecular breeding of crops.  
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DNA markers can also be divided into three major groups based on their detection 
method and throughput (Winter & Kahl, 1995; Jones et al., 1997; Gupta et al., 1999; Joshi et al., 
1999): 1) hybridization-based markers including restriction fragment length polymorphisms 
(RFLPs) (Botstein et al., 1980) and variable number tandem repeats (VNTR) loci (Nakamura et 
al., 1987; Rogstad, 1993); 2) polymerase chain reaction (PCR)-based markers, including random 
amplification of polymorphic DNA (RAPD) (Williams et al., 1990), sequenced characterized 
amplified regions (SCARs) (Paran & Michelmore, 1993), amplified fragment length 
polymorphism (AFLP) (Vos et al., 1995), and microsatellites (Hamada et al., 1982; Litt & Luty, 
1989) or simple sequence repeats (SSRs) (Jacob et al., 1991); 3) DNA sequence-based markers: 
single nucleotide polymorphisms (SNPs) (Berger et al., 2001). 
RFLP markers were first used for human genome analysis (Botstein et al., 1980), and 
widely used in plant genetics in the late 1980’s (Lander & Botstein, 1989). The basic protocol for 
using RFLP markers is first digest genomic DNA by restriction enzymes, then separate the 
restriction fragments on gel and transfer them to membrane, and finally hybridize radio-labeled 
probe for visualization. RFLPs are co-dominant and reproducible markers, and have the 
advantage of detecting gene duplications. They were used to detect the metalloprotease MMP23 
gene duplicates in human but not in chimpanzee (Puente et al., 2005). Moreover, compared with 
PCR, RFLPs are more robust for detecting distantly-related sequences. Genetic maps based on a 
common set of RFLP probes provided a basis for linking tomato and potato genomes and 
locating the conserved regions of both tomato and potato chromosomes (Bonierbale et al., 1988). 
However, the disadvantages of using RFLP markers include that they are labor intensive, costly 
and time consuming. 
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With the development of PCR technology (Mullis et al., 1986), new generations of PCR-
based markers were developed in the early 1990’s. RAPD, SCAR, AFLP, and SSR markers are 
the major PCR-based markers. Williams et al. (1990) generated RAPD markers by using PCR 
amplification of random genomic DNA fragments with single arbitrary 10 base oligonucleotide 
primers. RAPD markers are used to identify polymorphisms simultaneously in various regions of 
a genome (Williams et al., 1990). However, these markers are dominant, thus heterozygous 
individuals cannot be distinguished from both homozygotes. Other disadvantages of RAPD 
markers are poor repeatability and sensitivity to experimental conditions (Karp et al., 1996). The 
low repeatability of RAPD is mostly due to its short primer as well as its random sequence, 
which allows it to anneal to different parts of the genome even when the genomic sequence is not 
an exact match.  
SCARs were developed by sequencing RAPD bands to allow development of longer and 
more specific oligonucleotide primers, which resulted in less polymorphism but more reliability 
(Paran & Michelmore, 1993). In contrast to RAPDs, SCARs have the advantage of being more 
specific and reliable in detecting polymorphisms. In lettuce disease resistance breeding, Paran 
and Michelmore (1993) were able to increase the reliability of RAPD markers linked to an insect 
resistance gene by converting them to SCARs. Similar results were obtained in tagging gall 
midge resistance genes rice breeding (Nair et al., 1995; Nair et al., 1996).  
AFLP markers detect fragment length polymorphisms by using both restriction enzymes 
and PCR amplification of fragments (Vos et al., 1995). The use of two enzymes, a rare cutter 
such as PstI and a frequent cutter such as MspI, double digest the genomic DNA into fragments 
of different length (Jones et al., 1997). AFLP bands can be detected by silver staining, florescent 
dye or radioactivity (Mohan et al., 1997). Although running vertical polyacrylamide gels is to 
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some extent challenging, the ability to detect large number of polymorphisms and produce DNA 
fingerprints with AFLPs makes this marker system useful for developing high resolution maps 
(Menz et al., 2002).  
Microsatellites, also known as SSRs are short nucleotide sequence repeats flanked by 
unique sequences (Hamada et al., 1982; Tautz & Renz, 1984).SSRs offer several advantages: 
they are abundant in plant genomes, highly polymorphic, highly reproducible, and able to 
distinguish between closely-related individuals based on the number and frequency of alleles 
detected (McCouch et al., 1997). Developing SSR markers may have been expensive and 
laborious because it involves library construction and clone sequencing, however, SSRs have 
been considered cost effective to use (Smith et al., 1997). SSRs have been used in mapping 
many plant genomes such as soybean (Akkaya et al., 1992), rice (Zhao & Kochert, 1993), and 
maize (Senior & Heun, 1993). Another advantage of SSRs is their transferability across species 
or genera, especially among species within families, such as the grass family (Gramineae) 
(Cordeiro et al., 2001; Holton et al., 2002; Thiel et al., 2003) where synteny is a common feature 
(Gale & Devos, 1998). Thus, markers developed in one species may be used to predict the 
linkage relationships in closely related species and therefore facilitate genetic linkage map 
construction in species with less informative maps or markers. For example, the synteny between 
sorghum and sugarcane genomes facilitated the development of a sugarcane map because linked 
loci on the sorghum map provided useful information predicting their location in sugarcane 
genome (Dufour et al., 1997; Grivet et al., 1994). Similarly, SSR markers from sugarcane were 
successfully applied to Miscanthus (Cai et al., 2005). Kim et al. (2012) also applied SSRs 
designed from sugarcane expressed sequence tags (ESTs) to Miscanthus and successfully 
constructed EST-SSR-based genetic maps for Miscanthus. In addition, Yu et al. (2013) indicated 
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that 46.6% of the rice SSR markers they investigated were transferable to Miscanthus sinensis, 
and useful for genetic analysis in Miscanthus. Zhao et al. (2011) successfully transferred 86.0% 
of the Brachypodium distachyon SSR markers to Miscanthus sinensis.  
A SNP marker is a single base variation in a DNA sequence. Usually, a SNP has 
alternative of two possible nucleotides at a given position, which makes it a simple bi-allelic co-
dominant marker (Brookes, 1999). SNPs are the most abundant type of markers in both plant and 
animal genomes (Gupta et al., 2001). They are highly polymorphic, evenly distributed in 
genomes, and amenable to automation and high throughput sequencing platforms. Compared to 
the gel-based markers such as RFLPs, RAPDs and SSRs, SNPs are sequence-based markers and 
the methods used to discover SNPs save much time and cost (Gutpa et al., 2001). Different 
methods have been used in SNP discovery such as locus specific-PCR amplification (LSA), 
whole genome shotgun sequences (Weber & Myers, 1997), overlapping regions in bacterial/P1 
artificial chromosomes (BACs and PACs) (Taillon-Miller et al., 1998), and reduced 
representation shotgun (RRS) (Lander et al., 2000). Sequencing methods for detecting SNPs 
evolved from traditional Sanger sequencing method (Sanger et al., 1977; Lander et al., 2001) to 
next generation sequencing (NGS) technologies (Wheeler et al., 2008) such as Illumina, 454 Life 
Sciences/Roche, and Solexal/Illumina and Applied Biosystems (SOLiD). The development of 
new sequencing platforms has advanced SNP genotyping at low cost with large amount of 







One of the major applications of DNA markers is to develop genetic linkage maps (Mohan et al., 
1997). In the early 1900’s, T.H. Morgan and his student, Alfred Sturtevant, published the first 
genetic map for a common species of fruit fly, Drosophila melanogaster. In Morgan’s 
experiments, they showed the locations of sex linked genes on the sex chromosome (Morgan, 
1910). The principle of genetic linkage mapping is to order and assign genetic markers to their 
linkage groups, and indicate the relative genetic distance between the markers along the 
chromosomes based on the recombination frequency (Jones et al., 1997). In plant breeding, the 
main reason to develop genetic linkage maps with DNA markers is to locate genes associated 
with traits of interest by using the mapped markers, and therefore facilitate marker-assisted 
breeding.  
In genetic mapping with molecular markers, two major factors are critical to success: 
marker types and population types (Staub et al., 1996). Choice of marker system has potential 
impact on the map density, informativeness, cost, and time required to develop markers. Choice 
of mapping population affects the efficiency of developing a genetic map and its later 
informativeness in quantitative trait loci (QTL) studies. Also, both the number of markers 
(marker density) and size of populations (meiotic events) sampled for mapping are of importance. 
For preliminary genetic mapping, generally 100 to 200 markers are mapped (Mohan et al., 1997). 
Large numbers of makers are needed for high-resolution fine mapping. SNP markers hold 
promise to higher map resolution because they are abundant, highly polymorphic in the plant 
genomes, and automated to high throughput sequencing platforms (Gupta et al., 2001; Rafalski, 
2002). A range of 50 to 250 individuals is used in preliminary genetic mapping (Mohan et al., 
1997) but a larger population size is required for high-density map construction. Even if an 
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infinite number of markers are used in map construction, it is possible to produce a poor low-
density map if there are few progeny in the population.  
The marker system used in genetic map construction is determined by several factors 
such as project objectives, population structure, genetic diversity of the species, time and cost 
(Staub et al., 1996). Each marker type has its pros and cons and its potential utility needs to be 
assessed before use. In the case of grass species, since conservation of gene order is common in 
grass genomes (Gale & Devos, 1998), comparative genetic maps were developed based on RFLP 
markers (Whitkus et al., 1992; Grivet et al., 1994). However, the resolution of these maps with 
hybridization-based RFLP markers is generally insufficiently high for detecting microsynteny 
(Kilian et al., 1997). Sequence-based markers have recently been used in comparative genetic 
mapping and considerably enhanced map resolution (Klein et al., 2003; Sorrells et al., 2003). In 
Miscanthus, due to its high degree of genetic similarity with sugarcane (Amalraj & 
Balasundaram, 2006; Heaton et al., 2008; Jensen et al., 2008), SSR markers derived from 
sugarcane have been used to study Miscanthus and improved our understanding of the 
Miscanthus genome (Cai et al., 2005; Kim et al., 2012). 
Choice of mapping populations depends on a number of factors such as experimental 
objectives, marker type (Tanksley et al., 1988), population, species, and time required for 
analysis. Populations from two inbred parental lines such as F2 (McCouch et al., 1990), 
backcross (BC) (Causse et al., 1994), doubled haploids (DH) (Zhang et al., 2008) and 
recombinant inbred lines (RIL) (Mansur et al., 1996) have been used extensively for genetic 
mapping studies in self-compatible species. However, it is difficult or impossible to develop 
mapping populations from inbred parents for obligate outcrossing species, such as Miscanthus. 
Due to the self-incompatibility and consequently a high level of heterozygosity, the genetic 
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mapping approach used in Miscanthus is more similar to forest or fruit tree species (Głowacka, 
2011) than for inbreeding crops.  
Grattapaglia and Sederoff (1994) proposed a two-way pseudo-testcross mapping strategy 
for outcrossing species, and constructed two parent-specific linkage maps in Eucalyptus by 
applying this strategy. The pseudo-testcross mapping strategy uses markers that are heterozygous 
in one of the parents only, and calculates dominant markers following testcross configuration in 
F1 progeny; thus, it is a fast and simple approach to construct genetic linkage maps in obligate 
outcrossing species. Genetic linkage maps of different marker types using the pseudo-testcross 
strategy have been developed in several grass species such as sugarcane (Saccharum spp.; Al 
Janabi, 1993; Grivet et al., 1996; Ming et al., 1998), ryegrass (Lolium spp.; Inoue et al., 2004; 
Jones et al., 2002), switchgrass (Panicum virgatum L.; Missaoui et al., 2005; Okada et al., 2010), 
meadow fescue (Festuca pratensis Huds.; Alm et al., 2003), orchardgrass (Dactylis glomerata L.; 
Xie et al., 2011) and Miscanthus (Kim et al., 2012; Swaminathan et al., 2012; Ma et al., 2012). 
 
Genetic mapping in Miscanthus 
To understand the genetics of important agronomic traits and enhance breeding efficiency of 
Miscanthus, a genetic linkage map is needed. A genetic map would be useful for locating genes 
that control traits of interest by using the mapped markers. A preliminary genetic linkage map of 
M. sinensis was published by Atienza et al. (2002) using 257 RAPD markers. They identified 28 
linkage groups (LGs) on this initial map, which was more than the expected 19 LGs. Moreover, 
the density of this map was not sufficient for identifying markers tightly linked to traits of 
interest. In addition, the low reproducibility of RAPD markers was also disadvantageous. To 
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identify highly repeatable marker-trait associations in Miscanthus, a complete linkage map with 
higher density is needed. Kim et al. (2012) developed SSR-based genetic maps for M. sinensis 
and M. sacchariflorus. A total of 261 loci were mapped in M. sacchariflorus, covering an 
estimated 72.7% of the genome; in M. sinensis, a total of 303 loci were mapped, covering 84.9% 
of the genome. Moreover, the SSR-based maps provided a framework for aligning Miscanthus 
LGs to those of the closely related species, Sorghum bicolor, revealing a whole genome 
duplication event in Miscanthus. The development and utilization of SSR markers in Miscanthus 
mitigated the problems in the initial linkage map by Atienza et al. (2002) due to the abundance 
and reproducibility of SSRs. However, a higher density map would be useful to further facilitate 
marker-assisted selection in breeding. 
SNP markers have become widely used in plant molecular genetics due to their genome-
wide abundance and amenability for high-throughput detection platforms (Mammadov et al., 
2012). Recent advances in new sequencing technologies have enabled the economical discovery 
of SNPs on a large scale in many species (Davey & Blaxter, 2010). Next-generation sequencing 
(NGS) has been used to discover SNPs in the genomes of important crops such as maize (Gore et 
al., 2009), rice (Deschamps et al., 2010), soybean (Hyten et al., 2010), and sorghum (Nelson et 
al., 2011). For example, over 34,000 SNPs were recently mapped in barley by using the 
genotyping by sequencing (GBS) approach (Poland et al., 2012).  
A framework genetic map for M. sinensis was recently developed at the University of 
Illinois using a GoldenGate genotyping array (Swaminathan et al., 2012). Deep transcriptome 
sequencing (RNA-seq) from two M. sinensis accessions was employed to define 1,536 single 
nucleotide variants (SNVs) for a GoldenGate genotyping array, of which 658 SNPs were 
validated via segregation in a full sib F1 mapping population (Swaminathan et al., 2012). 
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Ascertainment bias and modest density were limitations of the Swaminathan et al. (2012) map. 
Another research group at Aberystwyth University in the UK constructed a high-resolution 
linkage map of M. sinensis using the GBS approach (Ma et al., 2012). This complete and high-
resolution linkage map contained 3,745 SNPs, spanning 2,396 cM on 19 LGs with 0.64 cM 
average resolution, providing a resource for QTL detection as well as serving as a reference for 
future Miscanthus genome sequence assembly (Ma et al., 2012). However, the methods used in 
the Ma et al. (2012) paper were proprietary, and therefore it is not possible for others to repeat 
their work. 
In this present study, sequencing of restriction site associated DNA tags (RAD-seq) was 
applied to discover SNPs in Miscanthus. Sequencing of RAD tags is a new method that uses 
Illumina NGS to simultaneously identify and genotype thousands of SNP markers in a large 
number of individuals at low cost (Baird et al., 2008; Davey & Blaxter, 2010; Miller et al., 2007; 
Peterson et al., 2012). RAD-seq targets a fraction of the genome for sequencing by using 
flanking restriction enzyme cut sites and produces a reduced genome representation. Genome 
complexity reduction may be achieved with a two-enzyme system (Poland et al., 2012), which 
includes one infrequent-cutter and one frequent-cutter. This type of library construction provides 
a robust and efficient approach for obtaining thousands of SNPs at low per sample cost in diverse 
species with large genomes (Elshire et al., 2011). Moreover, the RAD-seq approach also works 
for species that do not have a reference genome (Hohenlohe et al., 2012). Thus, RAD-seq should 
be a useful method for developing a high-density map containing numerous mapped markers for 
Miscanthus.   
17 
 
Quantitative Trait Loci (QTL) analysis for plant improvement 
Introduction 
The term, quantitative trait loci (QTL), first coined by Gelderman (1975), refers to regions of the 
genome that contribute to variation in a trait of interest. QTL mapping has provided a useful tool 
for studying genetic architecture of complex trait variation (Falconer et al., 1996). Complex traits, 
such as biomass yield in agriculture are usually quantitative, which are typically influenced by 
the environment, multiple genes of small effect, or both. The work of Sax (1923) on seed size (a 
complex trait) associated with seed-coat color (a simple trait) in common bean (Phaseolus 
vulgaris) firstly revealed the importance of QTL analysis in agriculture. In the Sax (1923) study, 
the basic concept was to detect QTL by using the segregation of simply inherited phenotypic 
markers linked to factors affecting the quantitative trait of interest. QTL analysis identifies 
marker-trait associations based on the phenotype of the trait and the genotype of markers. A 
significant difference in the phenotypic values between two individuals suggests linkage between 
a QTL and a marker locus that is being used to classify the genotypic groups (Tanksley, 1993; 
Young, 1996). If a QTL is tightly linked to a marker, the chance of recombination between the 
QTL and marker is low, and therefore, the QTL and marker tend to be inherited together. The 
development of molecular markers and statistical software packages during the 1980’s provided 
useful tools for detecting QTL, and since then, numerous QTL underlying different traits of 
interest have been identified in many crop populations and environments (Reviewed by Xu, 1998; 





Types of mapping populations 
To efficiently map traits in bi-parental populations, it is advantageous to choose parents that 
differ greatly for the traits of interest (Semagn et al., 2010). F2, BC, near-isogenic lines (NIL), 
DH and RIL are populations developed by crossing two inbred lines, and are commonly used for 
QTL mapping in self-pollinating species. Among these population types, F2 and BC are the 
simplest to develop in self-pollinating species in terms of time and money. Compared to a BC 
population, F2 is more powerful to detect QTL with additive effects and estimate degree of 
dominance (Carbonell et al., 1993). Both F2 and BC populations are temporary populations 
because they are highly heterozygous and cannot be propagated indefinitely through seeds (Burr 
et al., 1988); thus they are not frequently used for evaluation in multiple locations and over 
multiple years. RILs, NILs and DH populations produce homozygous lines that can be multiplied 
by seeds and reproduced without genetic change, thereby making available an ‘eternal’ resources 
for collaboration among different QTL mapping projects. DH populations are quicker to develop 
compared to RILs and NILs but only possible for a few species following a haploid production 
protocol, which may be complex and laborious.  
 
Analysis methods 
Single locus association, also known as single marker analysis (SMA) is the simplest QTL 
mapping analysis method (Collard et al., 2005). Statistical models such as t-test, ANOVA (Soller 
et al., 1976), linear regression (Haley & Knott, 1992) and maximum likelihood (Weller, 1986, 
1987) were used in SMA. The advantages of ANOVA at the marker loci are: it’s simple, no 
genetic map is required for markers; and multiple loci can be accounted for (Broman, 2001). 
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However, SMA fails to separate QTL position and QTL effects. ANOVA detects smaller QTL 
effect at a marker than the true QTL effect due to recombination occurrence between the QTL 
and marker (Broman, 2001). Linear regression has the advantage of providing the coefficient of 
determination (R
2
), which indicates the proportion of variance accounted for by the markers. 
However, if a QTL is distant from a marker, the power to detect a QTL will be decreased.  
Interval mapping (IM), proposed by Lander and Botstein (1989), analyzes linked markers 
on a genetic linkage map. IM is more powerful to detect QTL than SMA because the intervals 
between the linked makers on the chromosomes are analyzed simultaneously (Lander & Botstein, 
1989). However, IM assumes the presence of a single QTL located on each chromosome, and the 
interactions between multiple QTL are not considered in this model. 
Composite interval mapping (CIM) overcomes the weakness of the IM method, which 
detects only a single QTL at a time (Zeng, 1993, 1994). CIM extends the IM method and can 
detect linked or interacting QTL in the genomes (Doerge, 2002) by including additional markers 
as cofactors and therefore, CIM is more precise and accurate in QTL mapping. Both IM and CIM 
methods present the test statistic results in a logarithmic (base 10) of odds (LOD) score profile, 
which indicates the likely location for a QTL in relation to the linked markers. The LOD score 
shows the ratio of the likelihood of obtaining the evidence for the presence of a QTL at the 
location to the likelihood of no QTL detected from the same evidence. The significance 
threshold for a potential QTL is determined using permutation tests (Churchill & Doerge, 1994).  
The goal of QTL mapping is to identify loci that affect the phenotype. In the past, QTL 
mapping has been considered as a hypothesis testing problem and much of the effort has been 
focused on adjusting multiple tests; however, QTL mapping is best viewed as a problem of 
model selection (Broman et al., 2003). Multiple-QTL mapping (MQM), originally introduced by 
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Jansen (1994, 2007) is a model selection procedure that identifies multiple QTL using both 
forward selection and backward elimination (Kao & Zeng, 1997; Kao et al., 1999; Zeng et al., 
1999). Compared to the hypothesis testing approach, MQM has the advantages of increasing 
power in QTL detection, separating linked QTL, and identifying epistasis among QTL (Broman 
et al., 2003). Unlike in the hypothesis testing, both types of errors (false positive and false 
negative) can be made at the same time in MQM (Broman et al., 2003).  
 
QTL mapping in outcrossing species 
Designed line crosses are required in most QTL mapping methods, and F2 and BC are common 
simple line crosses used in mapping QTL. Complex mating designs involving multiple crossed 
lines are also used in both animal and plant breeding (Yi & Xu, 2002). Complex mating designs 
can be more informative than simple line cross as there are more alleles segregating but more 
difficult to conduct the analysis. The statistical power of QTL searching can increase when using 
a multiple line crosses design and therefore, there is improvement of precision in estimating QTL 
positions and effects (Rebai & Goffinet 1993; Muranty, 1996).  
Several statistical approaches have been used for QTL mapping in multiple line crosses, 
such as weighted least square (Xu, 1998), the fixed model and random model (Xu, 1998), 
regression-based QTL mapping method (Rebai & Goffinet, 1993, 2000), and expectation-
maximization (EM) algorithm (Liu & Zeng, 2000). Yi and Xu (2002) proposed a Bayesian 
approach implemented via the reversible jump Markov chain Monte Carlo (MCMC) algorithm 




simultaneously in the genome, and more importantly, provides inference on the posterior 
distribution of the number of QTL (Yi & Xu, 2002). 
Mapping and identifying QTL in obligate outcrossing species is more complex than self-
pollinated species because inbred lines can be produced from the autogamous species, whereas 
this is typically not possible for obligate outcrossing species. The strategies such as two-way 
pseudo-testcross, half-sib and full-sib families derived from controlled crosses are commonly 
used in QTL mapping for outcrossing species (Grattapaglia & Sederoff, 1994). Maximum 
likelihood method was used for QTL detection in both full-sib and half-sib designs (Knott & 
Haley, 1992, Mackinnon & Weller, 1995).  
 
Software for analyzing outcrossing species 
Several statistical programs have been used for mapping QTL in outbred populations. MapQTL 
(Van Ooijen, 2009) is a software program based on windows operating system, and can map 
QTL in different experimental populations, from inbred lines such as BC1, F2, to lines produced 
from non-inbred parents such as full-sib family. MapQTL program performs QTL mapping 
using different methods such as interval mapping, multiple quantitative mapping (MQM), and a 
nonparametric method. MapQTL is also compatible with JoinMap4.1 (Van Ooijen, 2011).  
MCQTL is a statistical program that performs QTL analysis in multi-cross design (Rebai 
et al., 1997). In addition to mapping QTL in populations derived from non-inbred lines (Jourjon, 
2000), this program also performs analysis that links multiple families, assuming the same QTL 
locations in all of the families. Moreover, a connected modeling of the QTL genotypic effect is 
allowed in multiple related families. MCQTL runs on the UNIX system. Billotte et al. (2010) 
22 
 
conducted a QTL analysis on multi-parent populations in oil palm using a new package of 
MCQTL called Outbred. This Outbred package was designed to analyze more than one related 
crosses between diploid heterozygous parents, and takes into account that parents can be shared 
between families, and therefore a connected model is allowed. A 2 × 2 complete factorial mating 
experiment involving four parents was designed in Billotte et al.’s study. Two types of QTL 
search, within-family analysis and across-family analysis were performed and compared using 
the new extension of the MCQTL software. A set of 76 QTL involved with 24 quantitative traits 
were identified. Across family analysis proved to be more efficient due to the interconnected 
families. 
R/qtl (Broman et al., 2003) is an add-on package to the free statistical software R and has 
been widely used for QTL mapping. Similar to MCQTL, R/qtl performs QTL mapping in simple 
line crosses as well as multiple line crosses. Previous studies have shown that the power of 
detecting QTL increases when combining different line crosses (multiple families) compared to 
using simple line cross (single family) alone (Muranty, 1996; Xie et al., 1998; Xu, 1998, Rebai 
& Goffnet, 2000). R/qtl performs single-QTL genome scans, which assumes only one QTL 
segregating when searching for QTL. Several methods have been implemented in single-QTL 
model in R/qtl such as simple marker regression, standard IM, Haley-Knott regression, and 
multiple imputation method. In addition to one-dimensional genome scans, R/qtl also performs 
two-QTL, two-dimensional genome scans, which considers each pair of positions in the genome 
as putative QTL locations. The two-QTL model was first proposed by Haley and Knott (1992), 
and has the advantages of gaining power in detecting QTL of modest effect, separating linked 
QTL, and exploring epistasis between QTL. Moreover, a fully automated multiple-QTL model 
method is also implemented in R/qtl, which provides a powerful approach to dissect the genetic 
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architecture of complex traits. The main computational method used for QTL mapping in R/qtl is 
the hidden Markov model, which deals with missing genotype data and genotyping errors. R/qtl 
runs on Windows, Linus, and MacOS systems.  
 
QTL mapping in Miscanthus 
Developing a marker assisted selection (MAS) program for Miscanthus would be beneficial to 
improving breeding efficiency, because the lengthy establishment period of at least one year is 
an impediment to rapid selection. Phenotyping most biomass traits for Miscanthus in the first 
year is not worthwhile because the first year yield is much less than the subsequent years, and 
moreover it is not representative of yield in subsequent years. A MAS program would allow 
selection of promising individuals during the seedling stage, which will shorten the breeding 
cycle and save resources. Successful examples of applying MAS in plant breeding have been 
reported in rice (Huang et al., 1997; Singh et al., 2001; Suh et al., 2013). In Huang et al.’s work, 
MAS was used to pyramid disease resistance genes in rice so that a large population can be 
screened quickly at an early stage of development with the aid of appropriate markers. In 
addition, MAS has also been successfully applied in some outbred forage species such as white 
clover (Barrett et al., 2009) for selecting seed yield gain and alfalfa (Castonguay et al., 2009) for 
selecting freezing tolerance. Thus, MAS is an advantageous strategy for complex trait 
improvement of perennial crops like Miscanthus. 
Mapping QTL associated with complex traits is expected to facilitate MAS and is 
considered as the first step towards developing a MAS program. This is particularly essential 
when interaction among QTL, between QTL and environment, or between QTL and genetic 
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background are significant (Falconer, 1981). Conventional phenotypic screening for complex 
traits is difficult, costly, and labor intensive. However, MAS allows selection based on tightly 
linked markers that reliably predict a trait phenotype, as MAS relies on the linkage 
disequilibrium (LD) between a marker and a QTL. Once the linkage between a QTL and marker 
is established and its general utility across populations is verified, an effective MAS program can 
be implemented.  
To date, five QTL studies on Miscanthus have been published, of which four were 
conducted on the same population by Atienza et al. (2003a, b, c, d) and one on a different 
population by Gifford et al. (2014). Atienza et al. (2003a, b, c, d) identified QTL associated with 
a variety of traits but the QTL analysis in all four studies was based on the first linkage map of M. 
sinensis (Atienza et al., 2002), which consisted of 257 RAPD markers covering 28 LGs, more 
than the 19 LGs expected for M. sinensis. In Atienza et al.’s population, 89 F1 progeny were 
studied over two years for a variety of traits including yield, yield components, height, stem 
diameter, chlorine and potassium content, and combustion-related traits. However, there were 
significant limitations to the Atienza et al. (2003a, b, c, d)’s QTL studies. First, the genetic map 
used was incomplete. A complete genetic map saturated with markers would be advantageous for 
detecting QTL. Second, a larger population size is needed to reduce the Beavis effect and 
increase power of identifying QTL. The Beavis effect is a phenomenon in which the average 
estimates of phenotypic variances associated with correctly identified QTL are overestimated if 
few progeny are evaluated (Beavis, 1994, 1998; Xu, 2003). In a recent Miscanthus QTL study, 
Gifford et al. (2014) phenotyped an M. sinensis population that consisted of 221 F1 progeny over 
3 years, and identified a total of 72 QTL on 14 different chromosomes across 13 traits important 
for biomass production. Of the 36 QTL detected in year 2 (year 1 was establishment year), 22 
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were detected in year 3 and 6 detected in year 2 were mapped close to the same region as QTL in 
year 3, but didn’t share overlapping confidence intervals. Moreover, to account for the variation 
caused by the establishment effect from year 1, Gifford et al. (2014) used spring emergence and 
vigor rating as covariates in their QTL analysis. Although the use of spring emergence and vigor 
rating as covariates increased the power to detect QTL in year 2 & 3, Gifford et al. (2014) 
indicated that appropriate covariates may vary for different populations, and additional 
covariates should be explored. Gifford et al.’s study set the foundation for QTL fine mapping, 
gene positional cloning and marker assisted selection. However, limited number of QTL 
identified for certain traits suggested that phenotypic data collection methods can be improved 
and the variation caused by establishment effect in certain traits can be more effectively 
accounted for. Moreover, for Miscanthus QTL to be useful for MAS, they will need to be 
validated for multiple populations and over multiple environments. Finally, the marker density of 
the genetic map used in Gifford et al.’s study can be improved. To identify robust marker-trait 
associations, a genetic map saturated with numerous markers will be desired. Thus, the present 
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CHAPTER II: HIGH DENSITY GENETIC MAP OF MISCANTHUS SINENSIS 
REVEALS INHERITANCE OF ZEBRA STRIPE 
Abstract 
Miscanthus is a perennial C4 grass that has recently become an important bioenergy crop. The 
efficiency of breeding improved Miscanthus biomass cultivars could be greatly increased by 
marker-assisted selection. Thus, a high density genetic map is critical to Miscanthus 
improvement. In this study, a mapping population of 261 F1 progeny was developed from a cross 
between two diploid M. sinensis cultivars, ‘Strictus’ and ‘Kaskasde’. High density genetic maps 
for the two parents were produced with 3,044 newly developed single nucleotide polymorphisms 
(SNPs) obtained from restriction-site associated DNA sequencing, and 138 previously mapped 
GoldenGate SNPs. The female parent (‘Strictus’) map spanned 1,599 cM, with 1,989 SNPs on 
19 linkage groups, and an average inter-marker spacing of 0.8 cM. The length of the male parent 
(‘Kaskade’) map was 1,612 cM, with 1,821 SNPs, and an average inter-marker spacing of 0.9 
cM. The utility of the map was confirmed by locating quantitative trait loci (QTL) for zebra 
stripe trait which was segregating in this population. Three QTL for zebra stripe 
presence/absence (zb1, zb2 on LG 7, and zb3 on LG 10) and three for zebra stripe intensity (zbi1, 
zbi2, zbi3 on LGs 7, 10, 3) were identified. Each allele that caused striping was recessive. 
Incomplete penetrance was observed for each zb QTL, but penetrance was greatest when two or 
more zb QTL were homozygous for the causative alleles. Similarly, the intensity of striping was 
greatest when two or more zbi QTL were homozygous for alleles that conferred the trait. 
Comparative mapping indicated putative correspondence between zb3 and/or zbi2 on LG 10 to 
previously sequenced genes conferring zebra stripe in maize and rice. These results demonstrate 
that the new map is useful for identifying marker-trait associations. The mapped markers will 
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become a valuable community resource, facilitating comparisons among studies and the breeding 




Miscanthus has more than a 100 year history as an ornamental grass in the U.S. (Anonymous, 
1876; Bailey & Miller, 1901), with many cultivars currently sold by the horticulture trade, but it 
has only recently become the subject of modern breeding efforts as a bioenergy feedstock crop 
(Scurlock, 1999; Clifton-Brown et al., 2004; Somerville et al., 2010; Sacks et al., 2013). 
Miscanthus is a perennial, self-incompatible, C4 grass that is closely related to sugarcane but can 
produce high biomass yield in temperate climates, making it a good choice for much of the U.S. 
(Lewandowski et al., 2000; Clifton-Brown et al., 2008). So far, the most promising Miscanthus 
biofuel candidate for the emerging U.S. bioenergy industry is a single, high-yielding, sterile 
genotype of M. × giganteus (2n=3x=57), a nothospecies derived from cross between diploid M. 
sinensis (2n=2x=38) and tetraploid M. sacchariflorus (2n=4x=76) (Linde-Laursen, 1993; 
Hodkinson et al., 2002; Heaton et al., 2008; Głowacka et al., 2014). Dependence on a single 
clonally propagated genotype for biomass production poses risks because a newly emerged 
disease or pest strain could result in severe damage to plantings. Moreover, there is need to breed 
new cultivars with improved cold tolerance and high yield-potential for cold-temperate 
environments such as the Midwest U.S.  
Substantial genetic variation has been found among the two parental species of M. × 
giganteus, M. sinensis and M. sacchariflorus (Jorgensen & Muhs, 2001; Clark et al., 2014; Clark 
et al., 2015; Głowacka et al., 2014). By choosing parents with desired traits, we expect that 
superior Miscanthus cultivars may be bred. Thus, an understanding of the genetics behind key 
traits in Miscanthus is critical to enabling selection of parents. For many crops, genetic maps 
have provided a useful tool for identifying associations between traits of interest and molecular 
markers, and such associations have enabled marker-assisted selection (MAS; Collard & Mackill, 
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2008). MAS would be especially valuable for increasing the efficiency of breeding Miscanthus 
because phenotypic selection for most of this perennial crop’s traits must typically be done in the 
second and third years of field trials, whereas MAS can be completed on 1-2 month old seedlings 
before they are transplanted to the field.  
Genetic mapping in Miscanthus is challenging due to its obligate outcrossing nature that 
results in high levels of heterozygosity. However, the two-way pseudo-testcross mapping 
strategy (Grattapaglia & Sederoff, 1994) has provided a useful approach for outcrossing species 
and has been applied to construct genetic maps in grass species such as sugarcane (Saccharum 
spp.; Al-Janabi et al., 1993; Grivet et al., 1996; Ming et al., 1998), ryegrass (Lolium spp.; Inoue 
et al., 2004) and switchgrass (Panicum virgatum L.; Missaoui et al., 2005; Okada et al., 2010). 
To date, several genetic maps for Miscanthus have been published using this approach (Atienza 
et al., 2002; Kim et al., 2012; Ma et al., 2012; Swaminathan et al., 2012). The first Miscanthus 
genetic map, published by Atienza et al. (2002), used 257 randomized amplified polymorphic 
DNA (RAPD) markers spanning over 28 linkage groups (LGs); however, these maps were 
incomplete because Miscanthus has a basic chromosome number of 19. Moreover, the low 
reproducibility of RAPD markers would be disadvantageous to applying MAS in breeding, 
though quantitative trait loci (QTL) mapping was performed with this map (Atienza et al., 2003a, 
b, c, d). Kim et al. (2012) developed simple sequence repeat (SSR)-based genetic maps of M. 
sinensis and M. sacchariflorus, which mitigated the low repeatability problem in the initial map, 
and allowed them to identify a whole genome duplication in Miscanthus relative to sorghum. 
However, the Kim et al. (2012) maps remained incomplete (23 LGs detected for M. sinensis and 
40 LGs for M. sacchariflorus). A framework genetic map for M. sinensis was recently developed 
at the University of Illinois, using 658 single nucleotide polymorphism (SNP) markers from 
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GoldenGate assays and 210 SSR markers derived from sugarcane expressed sequence tags 
(Swaminathan et al., 2012). This map (Swaminathan et al., 2012) successfully identified all 19 
LGs, confirmed the recent genome duplication in Miscanthus, revealed substantial synteny 
between Miscanthus and sorghum, and identified the chromosome fusion that resulted in n = 19 
for Miscanthus from the n = 10 that is typical of the Andropogoneae; however, modest marker 
density of GoldenGate SNPs was a limitation to QTL mapping and MAS. Moreover, the 
ascertainment bias of GoldenGate SNPs in Swaminathan et al.’s study (2012) limited the 
usefulness of the markers for other populations. The most marker-dense map for Miscanthus 
published previously, included 3,745 SNP markers on a composite genetic map of M. sinensis, 
obtained from genotyping-by-sequencing (Ma et al., 2012), which also supported the conclusions 
of genome duplication and synteny with sorghum. However, the methods and markers in Ma et 
al.’s study were proprietary, which prevents others from repeating their work. Thus, a high 
density genetic map with numerous publicly available SNP markers is needed.  
Zebra stripe is a leaf trait characterized by transverse yellow-green or white bands 
(perpendicular to the leaf axis). Zebra stripe has been observed in many grass species, including 
maize (Zea mays L.), rice (Oryza sativa L.), and sorghum [Sorghum bicolor (L.) Moench] 
(Demerec, 1921; Hayes, 1932; Quinby & Karper, 1942; Kinoshita & Takemure, 1984; Kinoshita 
& Takahashi, 1991). In the ornamental horticulture trade, the alternating pattern of yellow and 
green is considered desirable, with M. sinensis ‘Zebrinus’ among the first Miscanthus genotypes 
to be imported into the U.S. in the 1870’s (Anonymous, 1876). In Miscanthus, zebra striped 
ornamental cultivars differ in the intensity of striping, with the most highly striped cultivars, such 
as ‘Super Stripe’ and ‘Gold Bar’ especially valued. This non-uniform pigment-deficiency has 
also been observed to be affected by environmental factors such as light, temperature, and the 
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diurnal light/dark cycle, as well as developmental stage (He et al., 1999; Kusumi et al., 2000; 
Huang et al., 2009; Lu et al., 2012). In maize, three types of zebra striping have been described: 
zebra striping only in mature plants, zebra striping only in seedlings, and zebra necrosis 
(Demerec, 1921; Stroman, 1924; Hayes, 1932; Giesbrecht, 1965); all three produce yellow-green 
transverse stripes on the leaves as a result of the chlorophyll deficiency, but they differ in timing 
of appearance. In rice, zebra phenotypes can appear in a variety of colors, from pale green, 
yellow-green, white-green to albino (Kusumi et al., 2000; Zhao et al., 2014). Natural zebra 
striped mutants have, to the best of our knowledge, not been reported in sorghum but have been 
induced by X-rays (Quinby & Karper, 1942), with the zebra striped sorghum plants less vigorous 
than wild type green plants, perhaps due to lower photosynthetic capacity. The incomplete, often 
temporal, chlorosis in zebra stripe expression provides a valuable opportunity to study the 
genetics of chlorophyll and plastid development because complete knockout mutations would 
typically disable photosynthesis and thus be lethal. 
Where studied, a single recessive gene model has been proposed for the inheritance of 
zebra striping, in maize, sorghum and rice (Demerec, 1921; Quinby & Karper, 1942; Wang et al., 
2009). Only four genes for zebra stripe, two from maize and two from rice, have been cloned and 
their function and mechanism understood. A recent map-based cloning study has shown that 
zebra crossbands7 (zb7) gene in maize encodes 1-hydroxy-2-methyl-2-(E)-butenyl-4-
diphosphate reductase (IspH, also called HDR or LytB), a key enzyme essential for early stage 
chloroplast development (Lu et al., 2012). Huang et al. (2009) characterized maize camouflage 1 
(cf1) mutant, which displays a zebra banding pattern of nonclonal yellow-green sectors on the 
leaves and the yellow sectors can progress to bundle sheath cell-specific death. Huang et al. 
(2009) also cloned the cf1 gene and determined that it encodes porphobilinogen deaminase, an 
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enzyme in the tetrapyrrole biosynthesis pathway, which is responsible for producing heme and 
chlorophyll. In rice, zebra2 (z2), the first cloned gene responsible for yellow and green striped 
leaves, has been shown to encode carotenoid isomerase (CRTISO), which serves a key role in 
the carotenoid biosynthesis pathway (Fang et al., 2008; Chai et al., 2011; Zhao et al., 2014). 
Previous studies have reported seven mutations in the CRTISO gene in rice, and all had unique 
mutation sites but each affected chloroplast development and photoprotection (Fang et al., 2008; 
Wei et al., 2010; Chai et al., 2011; Han et al., 2012; Liu et al., 2013; Zhao et al., 2014). Map-
based cloning of zebra necrosis (zn) gene in rice revealed that zn encodes a thylakoid-bound 
protein that protects developing chloroplasts from photodamage during early stages of leaf 
development (Li et al., 2010).  
In M. sinensis, Touchell et al. (2007) studied phenotypic segregation in F1, F2 and 
backcross populations of ‘Strictus’ (yellow striping perpendicular to the leaf axis) × ‘Variegatus’ 
(white striping parallel with the leaf axis) and concluded that zebra stripe presence/absence from 
the ‘Strictus’ parent was likely conferred by homozygous recessive alleles at a single locus, 
though variation in expression of the trait was likely due to other genetic and environmental 
factors. Until the present study, zebra stripe has not been mapped in Miscanthus, though 
selection by horticulturalists for Miscanthus cultivars that differ in zebra stripe intensity may 
have unintentionally provided grass geneticists with a useful trove of mutants.  
In this study, we report on using restriction-site associated DNA sequencing (RAD-seq) 
to develop high density genetic maps for M. sinensis. High-throughput sequencing of RAD tags 
is a genotyping method that integrates SNP discovery and genotype calling into one step (Baird 
et al., 2008). RAD-seq has been used to construct high density genetic maps for many crops, 
such as barley and wheat (Poland et al., 2012), rice (Spindel et al., 2013) and perennial ryegrass 
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(Pfender et al., 2011). The objectives of this study were: 1) to identify thousands of SNP markers 
for genotyping M. sinensis, 2) to construct high density genetic maps of M. sinensis that integrate 
new SNPs from RAD-seq with the previously mapped but less numerous SNPs from GoldenGate 
assays, and 3) to confirm the utility of this map by locating QTL for zebra stripe in Miscanthus. 
This high density genetic map for Miscanthus provides a community resource, enabling others to 
reproduce the mapped markers for their own research purposes. Moreover, this map is useful for 





Materials and methods 
Mapping population and growing conditions 
A cross between two diploid (2n=2x=38) M. sinensis cultivars, ‘Strictus’ (sourced from Emerald 
Coast Growers, Pensacola, FL) and ‘Kaskade’ (sourced from Digging Dog Nursery, Albion, CA) 
produced 293 individuals that were used in this study. The cross was made in an isolated 
greenhouse bay at the University of Illinois in 2010 with ‘Strictus’ as the female parent. To 
initially confirm the parentage of the progeny, 30 random individuals along with the two parents 
were screened with 12 SSRs derived from sugarcane expressed sequence tags and intergenic 
sequences (Swaminathan et al., 2012), and the test result confirmed that ‘Strictus’ and ‘Kaskade’ 
were the true parents of this population. Because Miscanthus is self-incompatible, the female 
parent was not emasculated; however, infrequent progeny from selfing are possible, as the self-
incompatibility system has been shown to be leaky (Hirayoshi et al., 1955). Analysis of 
GoldenGate and RAD-seq SNPs confirmed that 261 of the seedlings were F1 progeny but 32 
seedlings were identified as the product of self-pollination. Typically, Miscanthus individuals are 
highly heterozygous due to self-incompatibility and thus F1 progeny are expected to segregate for 
many traits. ‘Strictus’ was characterized by its yellow zebra striped leaves, whereas the leaves of 
‘Kaskade’ were entirely green. 
Seeds were germinated in trays containing a peat-based potting mix (Metro-Mix 900, Sun 
Gro Horticulture, Agawam, MA; 15-25% Canadian sphagnum peat moss, composted bark, 
perlite, vermiculite, dolomite lime, and ureaform fertilizer) in a greenhouse. When the seedlings 
reached sufficient size, each individual was divided into ramets and grown in 36-cell plug trays 
(PL-36-STAR*, T.O. Plastics, Clearwater, MN) for subsequent planting in a replicated field trial. 
The field trial was a randomized complete block design with three replications. Plots consisted of 
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single plants on 1.5 m centers. The trial was planted at the University of Illinois’ Energy Farm in 
Urbana, IL (40° 3’57’’ N, 88° 11’43’’ W; USDA hardiness zone 6) in Flanagan silt loam (fine, 
smectitc, mesic, Aquic, Argiudolls, 4-5% organic matter) on 9 June 2011. Irrigation was 
provided on an as-needed basis during the first (establishment) year to prevent drought stress. No 
supplemental irrigation was provided in subsequent years. In the spring of each year, 100.8 kg N 
ha
-1 
fertilizer was applied. Pre-emergence and post-emergence herbicides were applied at 
planting and in the spring of each year (Atrazine, 2.8 kg ha
-1
; S-metolachlor, 1.5 L ha
-1
; and 2, 4-
D, 1.8 L ha
-1
), and additional hand-weeding was done as needed. 
 
Marker development and genetic map construction 
Genomic DNA was extracted from freeze-dried leaves via a CTAB (cetyltrimethylammonium 
bromide) protocol adapted from Kabelka et al. (2002). Extracted DNA was quantified with a 
Quant-iT
TM
 dsDNA Picogreen® kit (Life Technologies) and DNA concentration was normalized 
to 100 ng/ul for GoldenGate™ and RAD-seq analysis. RAD libraries for Illumina sequencing 
were prepared based on a protocol for sorghum, barley, and wheat (Poland et al., 2012), using 96 
barcoded adapter sequences from Thurber et al. (2013). In brief, each DNA sample was digested 
with the rare-cutting enzyme PstI-HF (High-Fidelity; New England Biolabs) and the common-
cutting enzyme MspI (New England Biolabs), then ligated to a unique barcoded adapter and a 
common adapter. Samples were pooled and the 200-500 base pair (bp) size fraction was 
extracted from a 2% agarose gel after electrophoresis and purified using a Qiagen Gel Extraction 
Kit. The purified DNA was PCR amplified using Kapa-HF Master Mix (New England Biolabs) 
and the PCR product was extracted as above to eliminate primer-dimers. All RAD libraries were 
sequenced on an Illumina HiSeq 2000 with 100 bp single-end reads at the DNA Sequencing Unit 
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of the Roy J. Carver Biotechnology Center at the University of Illinois. Most F1 individuals from 
this mapping population were duplicated in a second round of libraries to obtain at least 500,000 
read counts per sample, except for 36 individuals with low concentrations (less than 50 ng/ul). 
Both parents were included in four libraries to obtain high read depth. All sequence data from 
this study have been deposited in the NCBI Sequence Read Archive (BioProject SRP053003). 
To discover SNPs and call genotypes from RAD-seq, we used the Universal Network 
Enabled Analysis Kit (UNEAK) pipeline in TASSEL (version 3.0 standalone), due to its ability 
to distinguish heterozygous SNPs from paralogous loci in organisms lacking a reference genome 
(Lu et al., 2013), especially given the recent genome duplication in Miscanthus (Ma et al., 2012; 
Swaminathan et al., 2012). Additionally, three M. sinensis doubled haploid lines (Głowacka et 
al., 2012; Swaminathan et al., 2012) were used to further distinguish paralogous loci from 
heterozygous loci. To ensure that genotypes were called accurately, a minimum of five reads was 
required to call a homozygote for a given SNP if only a single allele was detected for a given 
individual. If fewer than five reads were present, a missing genotype was assigned to that 
individual to avoid the possible error of calling a genotype a homozygote when in fact it was a 
heterozygote.  
RAD-seq yielded 1192.6 million sequences reads, with each RAD library of 96 DNA 
samples yielding close to 200 million reads. With no more than 10% missing genotype calls 
allowed per SNP, 10,398 SNPs were discovered via the UNEAK pipeline. The average read 
depth per F1 individual was 52 read counts per SNP and each parent had 129 read counts per 
SNP. A total of 672 previously identified GoldenGate SNP markers, including 658 previously 
mapped SNPs (Swaminathan et al., 2012), were designed in an oligonucleotide pool assay (OPA) 
on the Illumina website. The 658 SNPs were used to link prior Miscanthus genetic maps with the 
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new RAD-seq SNPs maps. The two parents and 76 F1 individuals were genotyped with this OPA 
at the Functional Genomic Unit of the Roy J. Carver Biotechnology Center at the University of 
Illinois. Genotypes were called manually based on signal intensities using Illumina Genome 
Studio software. Only markers showing clear polymorphism were used in the linkage analysis. 
Because heterozygote under-calling was anticipated within parental genotypes, we 
confirmed RAD-seq SNP genotype of the parents based on the allele frequency distribution in 
the F1 population. Specifically, expected allele frequencies (0.25, 0.5, or 0.75) corresponded to 
segregation ratios that resulted from one of three possible combinations of parental genotypes: 1) 
the crosses of AA×Aa with 1:1 segregation of AA and Aa progeny, 2) Aa ×Aa with 1:2:1 
segregation of AA, Aa and aa progeny, and 3) aa × Aa with 1:1 segregation of Aa and aa 
progeny. The coding scheme for both RAD-seq SNP and GoldenGate SNP markers followed the 
cross pollinator (CP) population type in JoinMap4.1 (Van Ooijen, 2011).  
Among the 10,398 RAD-seq SNPs identified, 2,229 were eliminated from the data set 
because they appeared heterozygous in at least one of the three doubled haploid lines evaluated. 
In addition, 263 SNPs were removed due to missing genotypes in either of the two parents. To 
maintain the missing rate for each SNP of less than 10% (via fewer than five reads for a given 
SNP if only a single allele detected), 1,892 SNPs were eliminated, with 6,014 SNPs retained for 
further filtering. Segregation of each SNP was tested for goodness-of-fit using 𝑥2 values from the 
Locus Genotype Frequency calculation in JoinMap4.1 to identify departure from expected ratios 
of 1:1 or 1:2:1 depending on the marker class. SNPs that showed segregation distortion with P < 
0.05 were eliminated from map construction. An additional 2,634 SNPs were eliminated due to 
segregation distortion (P < 0.05), with 641 markers from the marker class AA × Aa, 1,265 
markers from the marker class aa × Aa, and 737 markers from the marker class Aa × Aa. In all, 
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3,371 non-distorted SNPs were retained, of which the marker class was compared with the two 
parental genotypes. Among these 3,371 SNPs, 86% matched their corresponding parental 
genotypes, and among the mismatched SNPs, 32% can be explained by heterozygote under-
calling in the parental genotypes. Thus, a final set of 3,056 RAD-seq SNPs were retained for 
genetic map construction. Of the 672 SNPs in the GoldenGate assay, 241 were informative 
(segregated in one or both parents) in our population. After 32 segregation distorted SNPs (P < 
0.05), and 38 SNPs that had similarity greater than 0.99 were eliminated, 171 GoldenGate SNPs 
were retained for map construction.  
Map construction was based on the 261 F1 individuals. The set of 3,056 RAD-seq SNPs 
and 171 GoldenGate SNPs (3,227 total) were separated into three segregation types: 1) 1,399 
SNPs heterozygous in ‘Strictus’, 2) 1,219 SNPs heterozygous in ‘Kaskade’, and 3) 609 SNPs 
heterozygous in both parents. Separate maps were produced for the female (‘Strictus’) and male 
(‘Kaskade’) parents. Genetic maps were constructed using JoinMap4.1 with CP population type 
(Van Ooijen, 2011). A minimum of independence logarithm of odds (LOD) score of 11 was used 
to define linkage groups. The use of GoldenGate SNPs from a previously published Miscanthus 
genetic map (Swaminathan et al., 2012) allowed for direct identification of linkage groups on the 
newly developed RAD-seq SNPs map. To ensure markers were assigned to the correct linkage 
groups, markers in suspect linkages (pairwise recombination frequency estimates larger than 0.6 
calculated in JoinMap4.1) were not used for marker ordering, and thus 10 RAD-seq SNP 
markers and 13 GoldenGate SNPs were eliminated. Maternal and paternal maps were first 
constructed using the regression mapping algorithm in JoinMap4.1 (Van Ooijen, 2011). Marker 
orders in both parental maps were calculated using the Kosambi mapping function. A composite 
map was subsequently generated using the multipoint maximum likelihood mapping algorithm 
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implemented in JoinMap4.1 (Van Ooijen, 2011), and map distance was estimated using the 
Haldane mapping function. 
 
Phenotyping of zebra stripe and QTL analysis 
Two sets of phenotypic data were taken on 2 June 2013: 1) zebra stripe presence/absence, and 2) 
zebra stripe intensity. Zebra stripe intensity was visually scored with the following scale: 0, 0.05, 
0.1, 0.3, 0.5, 0.7, 0.9 (Fig. 1); the two parents were used as controls with the green-leafed parent 
‘Kaskade’ scored as 0, and the highly striped parent ‘Strictus’ scored as 0.9. The zebra stripe 
intensity score estimated the relative leaf area that was striped rather than green; it does not refer 
to any differences in color saturation, or hue of the stripe, which was typically yellow, though 
late in the season sometimes included brown areas (presumably damage from exposure to full 
sun over the course of the growing season). Analyses of variance (ANOVAs) were conducted 
and least squares means (LS-means) were calculated using SAS Procedure GLM (SAS
®
 9.3, 
SAS Institute Inc., Cary, NC, USA). Mean separation among genotypic classes was performed 
using Tukey-Kramer Honest Significant Difference (HSD) test in JMP
 
Genomics Version 7.0 
(SAS
®
 9.3, SAS Institute Inc., Cary, NC, USA).  
QTL analysis was performed on the LS-means for both zebra stripe presence/absence and 
zebra stripe intensity data. Single marker analysis (SMA) was initially conducted using a 
customized R script, then interval mapping (IM) using Haley-Knott regression algorithm (Lander 
& Botstein, 1989; Haley & Knott, 1992) was conducted with a step size of 1 cM using R/qtl 
(Broman et al., 2003); both methods are based on a single-QTL model, which assume a single 
QTL segregating in each genome scan. Additionally, IM approach assumes the residual variation 
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in the phenotype follows a normal distribution, though regression based interval mapping 
method is robust against non-normal trait distribution (Rebai, 1997) and application of interval 
mapping will still provide reasonable results for non-normal traits if the significance threshold 
was determined via a permutation test (Churchill & Doerge, 1994; Doerge, 2002). Thus, 
nonparametric interval mapping that uses the Wilcoxon rank-sum test was performed in R/qtl for 
both zebra stripe presence/absence and intensity given that the residual variation of the 
phenotype did not follow a normal distribution (Fig. A1); non-parametric results were consistent 
with the IM method. Subsequently, composite interval mapping (CIM) was conducted (Jansen, 
1993; Zeng, 1993; Jansen & Stam, 1994; Zeng, 1994) with the QTL detected by IM via R/qtl. 
The “addqtl” function was used to search for additional QTL. If a second QTL was detected by 
CIM, then it was added to the model until no more significant QTL were identified. Finally, 
multiple-QTL model (MQM) analysis (Zeng et al., 1999), which used an automated stepwise 
search for model selection, was conducted in R/qtl (Broman et al., 2003). MQM provides a 
powerful search for additional QTL that is independent of the CIM method by controlling for 
QTL already in the model. The genome-wide significance threshold (P < 0.05) to call QTL was 
determined based on permutation tests with 1,000 permutations (Churchill & Doerge, 1994). The 
interaction among QTL was explored using scantwo function in R/qtl, which is based on a two-
QTL model, assuming two QTL segregating when searching for QTL (Fig. A2, A3). Significant 
interactions among QTL were tested in R/qtl after fitting all QTL terms in the model. The 
position and effect of significant QTL were refined using Haley-Knott regression method and 
percent variation explained was calculated in R/qtl by fitting a model containing all QTL 
identified with their interactions if existed. Confidence intervals were calculated using the 1.5-





The female and male maps each had the expected 19 LGs but to resolve LG 15 on the male map 
it was necessary to include 14 segregation distorted markers (P < 0.05). The female map spanned 
1,599 cM, with 1,989 markers (102 GoldenGate SNPs and 1,887 RAD-seq SNPs) and an average 
inter-marker spacing of 0.8 cM (Fig. 2a). There were only two gaps greater than 10 cM on LGs 3 
and 9 of the female map, with between marker distances of 16.6 cM and 10.6 cM, respectively. 
Length of the male parent map was 1,612 cM, with 1,821 markers (90 GoldenGate SNPs and 
1,731 RAD-seq SNPs) and an average inter-marker spacing of 0.9 cM (Fig. 2b). Two gaps 
greater than 10 cM were found on LG 2 and LG 4 of the male map, with between marker 
distances of 10.9 cM and 14.4 cM, respectively. A composite genetic map was constructed from 
3,044 RAD-seq SNPs and 138 GoldenGate SNPs (3,182 total) with all 19 LGs successfully 
resolved at a minimum LOD score of 11 (Fig. A4).  
 
Phenotypic analysis 
Zebra stripe presence/absence segregated approximately 1:1 in the F1 progeny (138 striped plants: 
123 non-striped, 𝑥2  < 𝑥0.05
2 = 3.84;
 
P > 0.05, Fig. A2a), which indicated that inheritance was 
recessive and suggested a single locus. The 32 individuals that resulted from self-fertilization of 
the striped female parent, ‘Strictus’, were all striped, further confirming recessive gene action, as 
a hypothetically heterozygous dominant striped parent would have been expected to produce 
some non-striped progeny from selfing but this was not observed. Thus, we determined that the 
striped female parent, ‘Strictus’, was homozygous recessive for the striping trait whereas the 
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non-striped male parent, ‘Kaskade’, carried a recessive allele for striping on at least one locus. 
QTL mapping for zebra stripe was done entirely on the male parent (‘Kaskade’) map.  
 
QTL mapping for zebra stripe 
An initial SMA for zebra stripe presence/absence identified the most significant SNP on LG 7 
(Fig. 3a). After accounting for this significant SNP on LG 7 in the model, a significant SNP on 
LG 10 was detected. When both SNPs on LG 7 and 10 were included in the model, a second 
significant SNP on LG 7 was identified. Based on a permutation determined LOD threshold, IM 
using Haley Knott regression algorithm also identified two peaks above threshold on LG 7 and 
one on 10 for zebra stripe presence/absence (Fig. 3b). However, IM method makes the 
assumption that only one QTL is segregating when searching for QTL and doesn’t account for 
QTL elsewhere in the genome. CIM was subsequently applied based on the IM results. After 
controlling for the major peak on LG 7, a slight increase of the LOD score was observed in the 
peak of the QTL on LG 10, suggesting that the QTL on LG 10 was real (Fig. 3b). Then, by 
taking into account both QTL on LG 7 and 10, a small second peak on LG 7 and a peak on LG 
14 were observed just above the significance threshold (Fig. 3b), suggesting additional QTL 
needed to be accounted for. To explore whether or not a second QTL on LG 7 existed, a two-
dimensional two-QTL genome scan was conducted on LG 7 while controlling for the QTL on 
LG 10, and the second QTL on LG 7 was confirmed to be significant (Fig. A2a). Including the 
second QTL on LG 7 increased the LOD score by 6 if epistasis was allowed and by 4 if no 
epistasis was allowed (Fig. A2a). After controlling for the two QTL on LG 7 and one on LG 10, 
the peak on LG 14 disappeared and no more additional QTL appeared to be significant (Fig. 3c), 
which suggested the three-QTL model for zebra stripe presence/absence was sufficient. 
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Independent from the CIM method, the automated selection procedure of MQM analysis also 
identified three significant QTL (zb1, zb2, and zb3) for zebra stripe presence/absence, with two 
of them (zb1 and zb2) detected on LG 7 at position 51 cM and 36 cM, respectively, and one on 
LG 10 (zb3) at position 4 cM (Fig. 3d,e). A significant interaction between zb1 and zb3 was also 
detected by MQM (Fig. 3d, Fig. A2b). The 1.5-LOD support interval for each QTL extended to a 
2 cM, 8 cM and 3 cM region around the point estimates of zb1, zb2, and zb3, respectively (Fig. 
2b). An additional interaction term between zb1 and zb2 was detected after the model was fitted 
and therefore was included in the final QTL model. The final three-QTL model for zebra stripe 
presence/absence explained 63% of the phenotypic variation (Table 1). 
For zebra stripe presence/absence, each QTL could independently confer the zebra stripe 
phenotype but penetrance was not 100%, and it was often low for single loci (Table 2). For 
example, zb1 (on LG 7) alone had only 18% penetrance and zb2 (on LG 7) alone had only 25% 
penetrance. Moreover, there were significant interactions among some of the QTL and different 
combinations gave greater penetrance than others (Table 2). For example, the combinations, zb1 
and zb2, or zb1 and zb3, or zb1, zb2 and zb3 had greater than 90% penetrance. In contrast, the 
combination of zb2 and zb3 had 64% penetrance, which although not as high as other 
combinations, exceeded the penetrance of any single locus. 
For zebra stripe intensity, a series of single marker analyses also identified three 
significant SNPs on the male parent map, with two on LG 7 and one on LG 10 (Fig. 4a). IM 
identified two peaks above the significance threshold on LG 7 and 10, respectively (Fig. 4b). 
CIM was subsequently applied based on the IM results and showed an increase of 8 for the LOD 
score in the peak of the QTL on LG 10, after controlling for the major QTL on LG 7, which 
strongly suggested that the QTL on LG 10 was real (Fig. 4b). However, after taking into account 
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the QTL on LG 7 and 10, an additional QTL on LG 3 appeared to be significant, and a weak 
peak on LG 7 exceeded the significance threshold (Fig. 4b). Because the QTL on LG 3 was more 
significant than the one on LG 7, the QTL on LG 3 was taken into account along with the QTL 
on LG 7 and 10, and no more additional significant QTL were found, suggesting the weak peak 
on LG 7 was probably an artifact and the three QTL model was sufficient (Fig. 4c) for zebra 
stripe intensity. In addition, a significant interaction between QTL on LG 7 and 10 was detected 
in the two-dimensional two-QTL genome scan (Fig. A3). Consistent with CIM results, MQM 
analysis identified three significant QTL (zbi1, zbi2, and zbi3) on LG 7 at position 47 cM, LG 10 
at position 6 cM, and LG 3 at position 24 cM, respectively (Fig. 4d,e). However, no significant 
interaction was detected in the MQM automated selection procedure (Fig. 4d). The 1.5-LOD 
support interval for each QTL extended to a 4 cM, 6 cM and 21 cM region around the point 
estimates of zbi1, zbi2, and zbi3, respectively (Fig. 2b). The final three-locus model for zebra 
stripe intensity explained 68% of the phenotypic variation (Table 1). ANOVA results for zebra 
stripe intensity indicated that only zbi1 and zbi2 (on LG 7 and 10) interacted to give a greater 
intensity than would be expected from additive effects alone, but zbi3 (on LG 3) was a modifier 
with only additive effect (Table 3, Fig. 5). The best combination was all three QTL, which gave 





High density genetic map 
High density genetic maps for two M. sinensis cultivars, “Strictus’ and ‘Kaskade’ were produced 
with more than 3,000 newly developed RAD-seq SNP markers. We have made these mapped 
markers available for use by others (Table A1, A2, A3), and we expect that they will become a 
valuable community resource, enabling comparisons of QTL across populations, environments 
and studies. Moreover, we linked our RAD-seq SNP maps with the previously published maps of 
M. sinensis ‘Grosse Fountaine’ × M. sinensis ‘Undine’ (Swaminathan et al., 2012), and all four 
maps had similar lengths. The maps developed from the current RAD-seq study will enable 
detection of markers tightly linked to QTL, which is a first step towards applying MAS and 
thereby improving breeding efficiency. Given the especially high marker density in some regions 
of the current maps, and the high degree of synteny between Miscanthus and sorghum, it will 
also be possible to hypothesize causative (candidate) genes underlying traits of interest. In 
addition, the sequenced and mapped RAD tags in this study will facilitate ongoing efforts to 
obtain a whole genome assembly of Miscanthus by resolving uncertainties in assembling large 
scaffolds caused by high heterozygosity and the recent genome duplication. 
 
Mapping zebra stripe QTL 
To confirm the utility of the new high-density genetic map, we mapped QTL for zebra stripe in 
Miscanthus. Consistent with the study of Touchell et al. (2007), we confirmed the recessive 
inheritance of zebra stripe in Miscanthus. However, we identified three loci for both zebra stripe 
presence/absence (two on LG 7 and one on LG 10) and intensity (one each on LGs 3, 7 and 10), 
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which differed from the Touchell et al. (2007) conclusion that a single locus conferred zebra 
stripe presence/absence, based on the segregation ratio in a ‘Strictus’ (striping perpendicular to 
the leaf axis) × ‘Variegatus’ (striping parallel with the leaf axis) backcross population. The 
different QTL mapping methods we employed showed consistent results, indicating strong 
evidence for the identified QTL (Fig. 3). To further test if the second QTL on LG 7 (zb2) was 
real rather than a false association caused by the heterozygote under-calling of genotypes within 
zb2 QTL region, graphical genotypes were evaluated to identify suspect heterozygote under-calls, 
and modified QTL analyses were conducted using two approaches: 1) eliminate the individuals 
which had suspected heterozygote under-called genotypes; 2) correct the suspected heterozygote 
under-called genotypes. The second QTL on LG 7 was still detected as significant using both 
approaches, which suggested that there were more than one QTL on LG 7 associated with zebra 
stripe presence/absence.  
The apparent discrepancy between the conclusion of Touchell et al. (2007) and our QTL 
analyses can be reconciled by the observations of incomplete penetrance for each of the three 
zebra stripe presence/absence QTL (Table 2). Without the marker data and the subsequent 
discovery of incomplete penetrance, phenotypic data alone could also have led us to the 
erroneous conclusion that only a single locus conferred the trait. Segregation of the F2 in the 
Touchell et al. (2007) study was also inconsistent with a single recessive locus, as only about 
half of the expected number of horizontally zebra striped plants were observed. Penetrance for 
zebra stripe presence/absence was greatest when two or more zb QTL were homozygous for the 
causative alleles (Table 2). Similarly, the intensity of zebra striping was greatest when two or 
more zbi QTL were homozygous for alleles that conferred the trait (Table 3). Notably, two pairs 
of QTL for presence/absence and intensity on LG 7 (zb1 and zbi1) and on LG 10 (zb3 and zbi2) 
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had overlapping1.5-LOD support intervals (Fig. 2b), so it was not possible to determine if the 
QTL within each pair were in fact the same locus or tightly linked loci. Though we might expect 
that individuals with multiple mutations for zebra striping would be rare and at a selective 
disadvantage in nature, horticulturalists appear to have preferentially selected Miscanthus 
individuals with multiple zebra stripe mutations because their phenotypes were more consistent 
and more visually striking than single mutants (Fig. 1,5). Lastly, the three-locus models 
explained 63% and 68% of the total phenotypic variation for zebra stripe presence/absence and 
intensity, respectively (Table 1), which suggested that other genetic or environmental factors 
affected zebra striping. Chai et al. (2011) and Lu et al. (2012) have shown that many of the zebra 
mutants in maize and rice are temperature and/or light dependent, which would be consistent 
with our observations of incomplete penetrance of zb QTL in Miscanthus. Additionally, the 
average zebra stripe intensity score among the selfed progeny of ‘Strictus’ was not significantly 
different from the average score among F1 progeny with all three homozygous zebra stripe 
intensity loci, indicating that there was no evidence that the female parent contributed dominant 
alleles from one or more unmapped zebra stripe loci. Thus, the unexplained phenotypic variation 
in the current study may have been due to the environment and/or yet to be identified genes. 
 
Comparative mapping 
Genes controlling zebra stripe in maize and rice are critical to chlorophyll and/or carotenoid 
biosynthesis and chloroplast development, which are of fundamental importance for plant growth 
and crop productivity (Chai et al., 2011; Lu et al., 2012; Zhao et al., 2014). In prior studies, at 
least 12 genes controlling zebra stripe have been found in maize and 16 have been found in rice 
(Table 4, S1; Szalma et al., 1999; Hayes, 1938; Singh, 1934; Hayes & Chang, 1939; Lu et al., 
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2012; Nelson, 1991; Horovitz, 1948; Giesbrecht, 1965; Neuffer & England, 1995; Huang et al., 
2009; Zhao et al., 2014; Li et al., 2010). Genomic comparisons among species within the 
Poaceae have demonstrated that synteny and collinearity are a common feature of this family 
(Devos & Gale, 1997; Gaut, 2002), and recent comparisons of the Miscanthus and sorghum 
genomes were consistent with this broader finding (Kim et al., 2012; Ma et al., 2012; 
Swaminathan et al., 2012). Thus, we would expect to find correspondence among loci 
underlying zebra stripe across Miscanthus, maize and rice by using sorghum as a bridge to 
enable cross-species comparisons between the Miscanthus, maize, and rice genomes.  
In maize, zb7 is a recessive mutant of the IspH gene on LG 1 that confers transverse 
green/yellow striped leaves in young plants (Lu et al., 2012). Intriguingly, the IspH gene on 
sorghum LG 1 was found to be 0.2 Mb from a RAD tag that mapped to Miscanthus LG 10 within 
15 cM (or 0.9 % of the 1,612 cM genome) of zb3 and zbi2 detected in the present study (Table 4). 
This finding suggests that Miscanthus zb3 and/or zbi2 may be a mutant of IspH or part of a 
cluster of genes involved in chloroplast development that includes IspH. However, it should be 
noted that sorghum LG 1 does not typically correspond with Miscanthus LG 10 but rather LGs 1 
and 2; the closest RAD tags to IspH were on Miscanthus LGs 1, 13 and 10 (0.1, 0.1, and 0.2 Mb, 
respectively), whereas the closest tag on LG 2 was 3.0 Mb distant (Table 4). It is possible that a 
translocation of this genomic region has occurred in Miscanthus with respect to sorghum, or 
alternatively that the alignment position of this marker was incorrect. Lu et al. (2012) found that 
the maize zb7 gene has a single nucleotide mutation in a highly conserved region, and gene 
silencing of IspH results in a complete albino phenotype, indicating that zb7 is important for 
chlorophyll development. Lu et al. (2012) also noted that the expression of zb7 is under 16-h 
light/8-h dark cycle regulation, and low temperature inhibits the mutant expression. This is 
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consistent with our observation in Miscanthus that zebra stripe plants usually do not develop 
transverse yellow bands on the leaves during early spring in central Illinois, and the number and 
area of the horizontal yellow bands increase later in the season as the temperature becomes 
warmer and days gets longer (data not shown).  
In addition, maize zb6 gene on LG 4, mapped to sorghum LG 4 between 51 Mb and 57 
Mb, which corresponds to Miscanthus LG 7 (as expected) within the genomic region that 
includes the 1.5 support intervals for zb1, zb2 and zbi1 (Table A4). The finding suggests 
evidence for co-localization between Miscanthus zb1, zb2, zbi1 and maize zb6 gene, however, 
this correspondence merits further investigation since maize zb6 gene has not been fine mapped 
or cloned.  
In rice, z2 is a zebra stripe gene that was mapped to rice LG 11 (Chai et al., 2011), and 
the subsequently cloned gene was found to be a mutant of CRTISO, a carotenoid biosynthesis 
gene. Based on syntenic relationships across rice, sorghum and Miscanthus, z2 was found to be 
on Miscanthus LG 10 (as expected) within 60 cM (or 3.7 % of the 1,612 cM genome) of 
Miscanthus zb3 and zbi2 (Table 4). No other genes mapped in maize or rice were found near any 
of the identified loci in Miscanthus. However, different Miscanthus populations may have 
additional zebra stripe QTL that correspond to some of the other genes mapped in maize and rice. 
Thus, multiple lines of evidence, including QTL mapping in Miscanthus, and cloned genes for 
zebra stripe in maize and rice, indicate that LG 10 in Miscanthus likely has several genes that are 
important for chlorophyll development, and some alleles of these genes can result in the zebra 
stripe phenotype. 
Leveraging the extensive gene annotations available for sorghum, maize, rice, and 
Arabidopsis (http://www.maizegdb.org; http://www.gramene.org/; The Arabidopsis Information 
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Resource (TAIR); http://www.phytozome.net/), we also identified candidate genes in genomic 
regions of these grasses that corresponded to RAD tags in the 1.5-LOD support interval of each 
Miscanthus QTL for zebra stripe presence/absence and intensity (Table A5). In total, 44 genes 
related to chloroplast development, or chlorophyll biosynthesis were found from sorghum, maize, 
rice, and Arabidopsis, that corresponded to the QTL regions identified in Miscanthus. Of these 
44 genes, 4 genes were identified in the zb3 & zbi2 region on LG 10, 6 in the zb2 region on LG 7, 
1 in the zb1 & zbi1 region on LG 7, and 33 in the zbi3 region on LG 3. Notably, the zb1 & zbi1 
region harbored a gene in Arabidopsis that encodes 2-C-methyl-D-erythritol 2,4-
cyclodiphosphate (IspF) synthase, which is an especially promising candidate for zebra stripe 
because Arabidopsis plants defective in this gene display an albino lethal phenotype (Hsieh & 
Goodman, 2006). Moreover, homologs to the IspF gene in sorghum, maize and rice have a 
conserved function (Table A5). A similar candidate gene approach using synteny has been 
employed in fava bean (Vicia faba L.) by Khazaei et al. (2014) to identify a ribose-phosphate 
pyrophosphokinase gene from the sequenced model legume, Medicago truncatula, as a candidate 
for QTL underlying canopy temperature under water-deficit. 
Some of the QTL for zebra stripe that we found in Miscanthus corresponded to genomic 
regions in maize and rice that have not previously been associated with genes for this trait but 
which in intriguingly contained genes for chlorophyll, carotenoid and plastid development. At 
least 32 maize genes associated with photosynthesis were found on maize LG 2 within 
corresponding Miscanthus QTL regions, of which, 5 genes were found in the zb2 region, 2 genes 
in the zb3 & zbi2 region, and 25 genes in the zbi3 region (Table A5). In rice, 15 genes associated 
with photosynthesis were identified on rice LG 9 in the zbi3 region and 2 were found on rice LG 
12 in the zb3 & zbi2 region (Table A5). To our best knowledge, there have not been any zebra 
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stripe genes mapped to maize LG 2 or rice LG 9 & 12. Thus, past selection for zebra stripe in 
Miscanthus by horticulturalists has likely provided geneticists and physiologists with novel 
mutants for studying photosynthesis in the Poaceae. Zebra stripe genes in Miscanthus, maize, 
rice and sorghum offer a valuable research opportunity to elucidate the complex mechanism of 
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TABLES AND FIGURES 












interval (cM) Flanking markers LOD PVE
‡ 




Left Right   
Zebra stripe 
presence/absence 
zb1 7 51.0 TP107979 50.0 52.0 X83 TP107979 19.5 19.8 
zb2 7 36.0 TP78983 34.0 42.0 TP47894 TP57806 4.9 6.9 
zb3 10 4.0 TP74459 2.0 5.0 TP79286 TP65474 22.3 18.6 
zb1: zb2        4.8 3.3 
zb1: zb3        12.6 9.2 
zb_Model         63.0 
Zebra stripe 
intensity 
zbi1 7 47.0 X83 46.0 50.0 TP28957 TP107979 26.7 45.5 
zbi2 10 6.0 TP65474 3.0 9.0 TP74459 TP4584 27.4 47.3 
zbi3 3 24.4 TP75257 7.0 28.0 TP43225 TP25237 7.0 8.3 
zbi1: zbi2        10.8 13.8 
zbi_Model         68.3 









Table 2 Number of striped and non-striped F1 progeny of Miscanthus sinensis ‘Strictus’ × ‘Kaskade’, and penetrance (proportion) 
within each genotypic class
†
 among three loci
††
 for zebra stripe presence/absence (zb1, zb2, and zb3). 
   zb1 zb2 




(count) 0 2 3 39 
1 Non-striped
‡ 
(count) 58 9 9 2 
 Penetrance
§ 
(Prpn)  0.18 cd 0.25 bcd 0.95 a* 
 Striped
 
(count) 28 10 7 46 
2 Non-striped
 
(count) 30 1 4 2 
 Penetrance
 
(Prpn) 0.48 bc 0.91 a*** 0.64 ab 0.96 a 
†
Genotypic classes: 1 = heterozygous; 2 = homozygous recessive. 
††
zb1, zb2 are on linkage group 7, and zb3 is on linkage group 10. 
‡
Counts based on nearest markers to the QTL. 
§
Penetrance estimated as number of striped F1 progeny divided by total number of F1 progeny within each genotypic class.
 
Means 
separation by Tukey-Kramer HSD; means with the same letter were not significantly different.
 
Interaction between QTL indicated, 




Table 3 Average zebra stripe intensity score, standard error and sample size (n) for F1 progeny Miscanthus sinensis ‘Strictus’ × 
‘Kaskade’ within each genotypic class† among three loci†† for zebra stripe intensity (zbi1, zbi2, and zbi3). 
   zbi1 zbi2 




 0.09 bc 0.12 c 0.10 c 0.38 b* 
1 Standard error 0.01 0.02 0.02 0.04 
 n 2 14 19 26 
 Average score  0.10 bc 0.24 bc 0.14 c 0.56 a 
2 Standard error 0.00 0.05 0.03 0.04 
 n 3 24 15 29 
†
Genotypic classes: 1 = heterozygous; 2 = homozygous recessive. 
††
 zbi1, zbi2, zbi3 are on linkage groups 7, 10, and 3, respectively. 
‡
Means separation by Tukey-Kramer HSD; means with the same letter were not significantly different.
 
Interaction between QTL 




Table 4 Cloned zebra stripe genes in maize and rice, and their corresponding orthologous regions in Miscanthus. 









in sorghum based on 








et al. (2012) 
The three markers that that were nearest to the 




    LG
 








zebra crossbands7 zb7 Zea 1_long arm 1 7.894-7.897 1 13 TP42765  0.100  
      2 1 TP94641  0.132  
       10 TP54034  0.236 13.2 (zb3) 
          11.2 (zbi2) 
camouflage1 cf1 Zea  5_short arm 4 4.443-4.447 7 8 TP105102  0.064  
      8 1 TP122214  0.067  
       8 TP40456 0.084  
zebra2 z2 Oryza  11 5 53.890-53.895 9 10 TP27302  0.001 57.9 (zb3) 
          55.9 (zbi2) 
      10 9 TP20195 0.496  
       9 TP112083 0.684  
zebra necrosis zn Oryza  6 10 1.129-1.131 18 19 TP742  0.013  
      19 18 TP86555  0.050  




Physical distance of marker to the zebra stripe gene in sorghum was calculated based on the marker position in sorghum to the mid-
point of the corresponding genomic region of the gene in sorghum. 
‡












Fig. 1 Zebra stripe intensity scale in Miscanthus sinensis. The 
score was visually rated based on the relative leaf area that was 
striped rather than green.  
 

















Fig. 2 Genetic maps for two Miscanthus sinensis genotypes: (a) the female parent, ‘Strictus’, (b) the male parent, ‘Kaskade’, and 
the locations of QTL for zebra stripe presence/absence (zb) and intensity (zbi). QTL mapping for zebra stripe was done entirely on the 
male parent (‘Kaskade’) map because this parent had heterozygous zebra stripe loci whereas the female parent (‘Strictus’) had only 
homozygous loci for zebra stripe. Genetic distance is shown on the left in centiMorgans (cM). Linkage group numbers, based on the 
genetic map from Swaminathan et al. (2012), are shown at the bottom. Horizontal lines represent estimated positions of the genetic 
markers, and red and blue symbols represent the peak LOD scores of QTL for presence/absence and intensity, respectively. The 
numbering of QTL was based on the linkage group number first, and then LOD score from largest to smallest. Bars indicate the 1.5-
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• Number of markers: 1,821 
• Length: 1,612 cM 
• Avg intermarker spacing: 0.9 cM 
• Between-marker range: 0-14.4 cM 
• Number of markers: 1,989 
• Length: 1,599 cM 
• Avg intermarker spacing: 0.8 cM 


















Fig. 3 QTL results for zebra stripe presence/absence in a Miscanthus sinensis ‘Strictus’ × 
M. sinensis ‘Kaskade’ population: (a) Manhattan plot of single marker analysis. Each of the 
1,821 SNPs is plotted. The x-axis represents the chromosomal location on the male parent map, 
and the y-axis represents the -log10 P values in the first round of single marker analysis. The 
horizontal dotted line represents the Bonferroni-corrected P value significance threshold via 
1,000 permutations. The arrows indicate significant SNPs associated with zebra stripe 
presence/absence, which were detected in three rounds of single marker analyses after 
controlling for the significant SNPs the previous rounds. (b, c) LOD curves from interval 
mapping (IM) and composite interval mapping (CIM) methods, controlling for the first two QTL 
in (b), and all three QTL in (c). The horizontal dotted line represents the significance threshold 
via 1,000 permutations.   
Zebra stripe presence/absence 
(b) 
       1       2     3       4     5      6     7     8     9   10  11  12   13 1415 16  17   18   19 
(c) 
(a) Single marker analyses  
Interval mapping & 
composite interval 
mapping-initial 















Fig. 3 (cont.) (d) The sequence of models tested by the automated stepwise procedure in 
multiple-QTL model (MQM), with circles corresponding to QTL (chromosome number indicated 
within circles) and line segments between QTL indicating interactions. The best model was 
identified at step 2 with the largest penalized LOD score (pLOD). (e) Profile LOD score curves 
for a three-QTL model for zebra stripe presence/absence. The numbering of QTL was based on 
the linkage group number first, and then LOD score from largest to smallest. 
  
(d) Multiple-QTL stepwise model selection (e) Multiple-QTL model profiles-final 




















Fig. 4 QTL results for zebra stripe intensity in a Miscanthus sinensis ‘Strictus’ × M. sinensis 
‘Kaskade’ population: (a) Manhattan plot of single marker association analysis. Each of the 
1,821 SNPs is plotted. The x-axis represents the chromosomal location on the male parent map, 
and the y-axis represents the -log10 P values. The horizontal dotted line represents the 
Bonferroni-corrected P value significance threshold via 1,000 permutations. The arrows indicate 
significant SNPs associated with zebra stripe intensity, which were detected in three rounds of 
single marker analyses after controlling for the significant SNPs from the previous rounds. (b, c) 
LOD curves from interval mapping (IM) and composite interval mapping (CIM) methods, 
controlling for the first two QTL in (b), and all three QTL in (c). The horizontal dotted line 
represents the significance threshold via 1,000 permutations.   
 
Zebra stripe intensity 
       1      2     3       4     5      6     7     8     9   10  11  12  13 1415 16   17  18   19 
(b) 
(c) 
(a) Single marker analyses  
Interval mapping & composite 
interval mapping-initial 
Interval mapping & composite 












Fig. 4 (cont.) (d) The sequence of models tested by the stepwise procedure in multiple-QTL 
model (MQM), with circles corresponding to QTL (chromosome number indicated within 
circles). The best model was identified at step 3 with the largest penalized LOD score (pLOD). 
(e) Profile LOD score curves for a three-QTL model for zebra stripe intensity. The numbering of 
QTL was based on the linkage group number first, and then LOD score from largest to smallest.  
 
(d) Multiple-QTL stepwise model selection (e) Multiple-QTL model profiles-final 






Fig. 5 Segregation for zebra stripe intensity in a Miscanthus sinensis 
‘Strictus’ × M. sinensis ‘Kaskade’ population: (a) Typical leaves of the 
F1 offspring within each genotypic class among zbi1, zbi2, and zbi3 on 
linkage groups 7, 10, and 3, respectively. 1 = heterozygous; 2 = 
homozygous recessive. (b) Representative leaves of the parents of the 






























Fig. A1 Frequency distribution of the zebra stripe trait in F1 progeny of a cross between 
Miscanthus sinensis ‘Strictus’ and Miscanthus sinensis ‘Kaskade’: (a) zebra stripe presence 
and absence, with 0 representing absence of striping and 1 representing presence of striping. (b) 
zebra stripe intensity based on a 0.05, 0.1, 0.3, 0.5, 0.9 scale. Data are expressed as the least 
squares mean of the three replicates.   








































Fig. A2 Two-dimensional, two-QTL genome scans with the zebra stripe presence/absence data: (a) LOD scores on Miscanthus 
linkage group (LG) 7 after controlling for the QTL identified on LG 10. LODav1 score (indicating evidence for a second QTL with no 
epistasis allowed) is displayed in the upper left triangle; LODfv1 score (indicating evidence for a second QTL with epistasis allowed) is 
displayed in the lower right triangle. In the color scale on the right, numbers to the left and right correspond to LODav1 and LODfv1, 
respectively. (b) LOD scores on Miscanthus LG 7 & 10. LODi score (indicating evidence for interaction between QTL) is displayed in 
the upper left triangle; LODf score (indicating evidence for full two-QTL model) is displayed in the lower right triangle. In the color 
scale on the right, numbers to the left and right correspond to LODi and LODf, respectively.  
 
 











































Fig. A3 Two-dimensional, two-QTL genome scans on Miscanthus 
linkage groups 3, 7 & 10 with the zebra stripe intensity data. LODi 
score (indicating evidence for interaction between QTL) is displayed in 
the upper left triangle; LODf score (indicating evidence for full two-QTL 
model) is displayed in the lower right triangle. In the color scale on the 


































Fig. A4 Composite genetic map for Miscanthus sinensis with 3,044 RAD-seq SNPs and 138 GoldenGate 
SNPs (3,182 total). Genetic distance shown on the left in centiMorgans (cM). Linkage group numbers shown 
at the bottom (linkage group numbers based on the genetic map from Swaminathan et al. (2012)). Horizontal 
lines represent estimated positions of the genetic markers. Marker type is shown by color (red, GoldenGate 
SNPs; black, RAD-seq SNPs; gold, heterozygous in M. sinensis ‘Strictus’ only; green, heterozygous in M. 
















Fig. A5 Scatterplots of positions of mapped Miscanthus markers relative to their positions on 
Sorghum bicolor v1.4 physical map. Horizontal axis shows composite genetic map position of 
markers on the 19 Miscanthus linkage groups (LG), in centiMorgans (cM). Vertical axis shows 
physical map position of markers aligned to the 10 sorghum chromosomes (Sb chr) in megabasepairs 













































Fig. A6 Principal component analysis plot demonstrating 19 
individuals (blue circles) appeared to be the product of self-
fertilization of the female parent Miscanthus sinensis ‘Strictus’ 
(red circle on the right). 6,014 RAD-seq SNPs polymorphic 
between the two parents, M. sinensis ‘Strictus’ and M. sinensis 
‘Kaskade’, were used to show the variability of the 293 individuals 
and the two parents explained by the first two principal components 



















Fig. A7 Plot of average heterozygosity against the proportion of missing data by individual 
across 6,014 RAD-seq SNPs. Each circle represents an individual. 18 selfed individuals and 75 
F1 individuals, both identified by GoldenGate markers are indicated in red and green, respectively; 
201 individuals indicated in blue are the ones to be tested whether or not a true F1 or self.  
 
  


























Fig. A8 Boxplots of zebra stripe intensity distributions for all genotypic combinations (zbi1, 
zbi2, zbi3 on LG 7, 10 & 3, respectively). 1 = heterozygous; 2 = homozygous recessive. 
  






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A2 The 10,398 RAD-seq SNPs discovered via the UNEAK pipeline for an F1 population of Miscanthus sinensis ‘Strictus’ × 
‘Kaskade’. 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table A3 All RAD-seq and GoldenGate markers mapped in an F1 population of Miscanthus 





























TP72511 <nnxnp> 1 NA 0 0 NA NA 
TP58635 <nnxnp> 1 NA 3.967 8.368 NA NA 
TP111737 <nnxnp> 1 NA 6.431 19.967 1 1391861 
TP116405 <nnxnp> 1 NA 12.263 35.698 1 2554232 
TP34632 <nnxnp> 1 NA 14.276 44.254 1 2494672 
TP75786 <nnxnp> 1 NA 15.48 69.204 1 2911264 
TP44017 <nnxnp> 1 NA 16.891 51.69 1 2811058 
TP18261 <nnxnp> 1 NA 17.921 64.381 1 2911329 
TP59728 <nnxnp> 1 NA 19.354 79.378 1 3697488 
TP49833 <nnxnp> 1 NA 20.744 59.381 1 3071325 
TP26510 <nnxnp> 1 NA 23.876 97.003 NA NA 
TP34939 <nnxnp> 1 NA 24.552 90.023 1 4227898 
TP110933 <nnxnp> 1 NA 25.584 152.364 1 4682103 
TP122215 <nnxnp> 1 NA 26.804 104.873 NA NA 
TP122214 <nnxnp> 1 NA 27.427 114.542 4 4512194 
TP5489 <nnxnp> 1 NA 27.882 110.549 1 4560204 
TP52864 <hkxhk> 1 4.082 28.645 142.06 NA NA 
TP65461 <nnxnp> 1 NA 29.461 120.448 1 4901072 
TP117010 <hkxhk> 1 2.767 30.247 157.707 1 6382765 
TP40349 <nnxnp> 1 NA 30.431 130.86 1 4990077 
TP71603 <nnxnp> 1 NA 31.083 127.016 1 5316957 
TP33854 <nnxnp> 1 NA 32.244 169.124 NA NA 
TP16393 <hkxhk> 1 7.111 33.206 186.632 NA NA 
TP19030 <hkxhk> 1 8.399 34.014 195.917 1 7576879 
TP1086 <nnxnp> 1 NA 34.283 162.059 NA NA 
TP45249 <nnxnp> 1 NA 35.005 240.826 1 7347962 
TP111562 <hkxhk> 1 11.462 35.56 233.912 1 9520056 
TP42401 <nnxnp> 1 NA 36.08 181.623 1 8574544 
TP32260 <hkxhk> 1 12.46 36.491 207.261 1 9191372 
TP16023 <nnxnp> 1 NA 37.142 177.753 NA NA 
TP19473 <hkxhk> 1 10.105 37.32 174.848 1 8571233 
TP49957 <hkxhk> 1 13.416 38.202 223.36 1 8932450 
TP19029 <nnxnp> 1 NA 38.949 250.965 1 9919630 
TP50291 <hkxhk> 1 18.546 39.399 271.009 1 10103661 
481 
 
Table A3 (cont.) 
TP53511 <hkxhk> 1 14.754 40.02 215.211 1 9154418 
TP92321 <hkxhk> 1 15.539 40.538 265.261 NA NA 
TP15824 <nnxnp> 1 NA 41.332 317.664 1 11526386 
TP76853 <hkxhk> 1 16.474 41.675 257.462 1 65618406 
TP36421 <nnxnp> 1 NA 42.027 312.863 1 11490691 
TP64549 <nnxnp> 1 NA 42.353 333.234 1 12046656 
TP54684 <nnxnp> 1 NA 42.87 293.223 1 11656296 
TP104234 <hkxhk> 1 17.463 43.29 278.275 NA NA 
TP121263 <nnxnp> 1 NA 44.015 325.321 NA NA 
TP119652 <nnxnp> 1 NA 44.434 338.485 1 13174804 
TP68544 <hkxhk> 1 30.067 45.606 370.081 1 14875607 
TP41720 <hkxhk> 1 24.118 45.959 307.417 1 12187360 
TP123831 <nnxnp> 1 NA 46.511 355.566 NA NA 
TP14536 <nnxnp> 1 NA 46.76 348.708 1 14250425 
TP54763 <nnxnp> 1 NA 47.325 416.997 1 16771336 
TP43313 <nnxnp> 1 NA 47.674 481.01 NA NA 
TP52985 <nnxnp> 1 NA 48.103 465.79 1 16778195 
TP115337 <hkxhk> 1 36.395 48.308 454.883 NA NA 
TP40830 <nnxnp> 1 NA 48.534 387.146 1 17704316 
TP67194 <hkxhk> 1 26.759 48.747 340.226 1 12950837 
TP123169 <nnxnp> 1 NA 49.026 381.398 NA NA 
TP51905 <nnxnp> 1 NA 49.571 425.092 1 17539551 
TP96369 <nnxnp> 1 NA 49.981 409.428 1 17167396 
TP92824 <nnxnp> 1 NA 50.481 394.501 1 19036370 
X423 <hkxhk> 1 NA 50.662 NA 1 14076523 
TP117270 <nnxnp> 1 NA 51.069 402.481 NA NA 
TP44040 <hkxhk> 1 39.001 51.401 431.604 NA NA 
TP8184 <nnxnp> 1 NA 51.488 437.351 NA NA 
TP47125 <hkxhk> 1 33.839 51.975 379.034 1 14993393 
TP1243 <nnxnp> 1 NA 52.354 656.117 1 23805316 
TP87360 <nnxnp> 1 NA 52.643 663.196 NA NA 
TP76354 <nnxnp> 1 NA 53.181 530.051 1 27996842 
TP65243 <nnxnp> 1 NA 53.504 672.83 1 21861455 
TP99789 <nnxnp> 1 NA 53.788 682.447 NA NA 
TP116079 <nnxnp> 1 NA 53.963 677.833 NA NA 
TP47417 <nnxnp> 1 NA 54.237 650.497 1 24846634 
TP77611 <nnxnp> 1 NA 54.474 669.086 NA NA 
TP9765 <nnxnp> 1 NA 54.851 541.087 1 25246670 




Table A3 (cont.) 
TP12266 <nnxnp> 1 NA 55.123 536.486 NA NA 
TP104567 <nnxnp> 1 NA 55.321 545.222 NA NA 
TP98442 <nnxnp> 1 NA 55.71 644.669 NA NA 
TP5675 <nnxnp> 1 NA 56.103 444.731 1 49641893 
TP99150 <nnxnp> 1 NA 56.278 520.066 1 43859258 
TP66594 <nnxnp> 1 NA 56.449 516.026 NA NA 
TP67902 <hkxhk> 1 43.268 56.554 524.888 1 50860488 
TP58938 <nnxnp> 1 NA 56.746 638.181 1 50936213 
TP32968 <nnxnp> 1 NA 57.025 634.38 1 50031939 
TP28986 <nnxnp> 1 NA 57.202 492.29 1 3581699 
TP83997 <nnxnp> 1 NA 57.53 511.777 1 51708701 
TP26125 <nnxnp> 1 NA 57.858 551.56 1 50776684 
TP71851 <nnxnp> 1 NA 58.075 619.349 NA NA 
TP6171 <nnxnp> 1 NA 58.305 614.728 1 51889379 
TP105521 <nnxnp> 1 NA 58.684 608.889 1 50299224 
TP16994 <nnxnp> 1 NA 58.892 593.013 1 52864531 
TP46239 <nnxnp> 1 NA 59.179 597.614 1 53279738 
TP69100 <nnxnp> 1 NA 59.604 601.963 1 52586399 
TP33076 <nnxnp> 1 NA 59.803 577.145 1 54508767 
TP101391 <nnxnp> 1 NA 60.257 558.215 1 54091684 
TP95562 <nnxnp> 1 NA 60.468 695.601 1 54925403 
TP117169 <nnxnp> 1 NA 60.87 560.96 NA NA 
TP54832 <nnxnp> 1 NA 61.069 505.838 NA NA 
TP84421 <hkxhk> 1 42.62 61.396 499.952 1 53377166 
TP38836 <nnxnp> 1 NA 61.806 584.647 1 52593494 
TP16579 <nnxnp> 1 NA 62.102 626.873 1 49142700 
TP98960 <nnxnp> 1 NA 62.925 569.213 1 53812166 
TP47527 <nnxnp> 1 NA 63.212 690.243 6 58888159 
TP99522 <hkxhk> 1 52.362 63.571 762.01 1 58114188 
TP113822 <nnxnp> 1 NA 63.684 708.463 1 56212524 
TP30470 <nnxnp> 1 NA 64.051 702.519 NA NA 
TP16508 <nnxnp> 1 NA 64.621 756.057 1 56840092 
TP59711 <hkxhk> 1 44.907 65.194 749.511 1 56707030 
TP44244 <nnxnp> 1 NA 65.541 900.556 1 58539478 
TP36709 <nnxnp> 1 NA 66.187 716.75 1 57821068 
TP72267 <hkxhk> 1 46.561 66.622 724.819 1 57420365 
TP90011 <nnxnp> 1 NA 66.789 726.117 1 58625149 
TP22521 <nnxnp> 1 NA 67.019 722.492 1 58493850 




Table A3 (cont.) 
TP40406 <nnxnp> 1 NA 67.972 912.608 NA NA 
TP26887 <nnxnp> 1 NA 68.497 770.445 1 58217851 
TP96895 <nnxnp> 1 NA 69.009 893.269 NA NA 
TP113785 <hkxhk> 1 49.75 69.421 884.965 NA NA 
TP39479 <nnxnp> 1 NA 69.993 926.158 1 59508338 
TP33960 <nnxnp> 1 NA 70.343 929.625 8 53828845 
TP57536 <hkxhk> 1 51.748 70.617 875.238 2 1806523 
TP53240 <nnxnp> 1 NA 70.942 733.9 1 59682275 
TP5562 <nnxnp> 1 NA 71.364 782.932 1 60022144 
TP23749 <hkxhk> 1 53.066 71.802 869.404 1 59419757 
TP45753 <nnxnp> 1 NA 72.935 921.351 1 60371314 
TP96279 <hkxhk> 1 56.204 73.445 791.949 1 60813667 
TP112327 <hkxhk> 1 54.528 74.215 860.771 1 59892689 
TP45261 <nnxnp> 1 NA 75.163 799.305 1 60806190 
TP55483 <hkxhk> 1 59.872 75.964 832.605 1 61573968 
TP17357 <hkxhk> 1 58.16 77.051 842.477 1 61754518 
TP97946 <nnxnp> 1 NA 77.698 959.467 1 62699923 
TP73420 <hkxhk> 1 61.811 78.155 849.072 1 61658774 
TP34835 <nnxnp> 1 NA 78.457 947.12 NA NA 
TP69148 <hkxhk> 1 60.794 79.205 941.176 1 62413515 
TP110557 <nnxnp> 1 NA 79.685 951.388 1 62431178 
TP67798 <hkxhk> 1 59.122 80.168 813.496 1 61835513 
TP62070 <nnxnp> 1 NA 81.157 955.384 NA NA 
TP104441 <hkxhk> 1 63.156 81.486 961.6 1 62663963 
TP30205 <nnxnp> 1 NA 82.718 982.809 1 64000619 
TP72441 <hkxhk> 1 65.468 83.347 968.572 1 63518110 
TP48453 <nnxnp> 1 NA 84.42 994.724 1 64659497 
TP35472 <nnxnp> 1 NA 85.293 1019.238 NA NA 
TP85396 <hkxhk> 1 67.672 85.52 979.126 NA NA 
TP90572 <nnxnp> 1 NA 86.159 1014.036 1 64614971 
TP75520 <hkxhk> 1 69.341 87.336 1007.492 NA NA 
TP118984 <nnxnp> 1 NA 87.904 1027.741 1 65543275 
X252 <hkxhk> 1 71.461 88.372 1017.123 1 64629127 
TP115515 <nnxnp> 1 NA 88.543 1034.444 NA NA 
TP8376 <hkxhk> 1 71.068 88.972 1023.402 1 65619832 
TP121461 <nnxnp> 1 NA 89.579 1042.341 7 8852922 
TP86305 <nnxnp> 1 NA 90.119 1039.645 1 65751242 
TP112422 <nnxnp> 1 NA 91.092 1046.098 1 65926432 




Table A3 (cont.) 
TP59766 <nnxnp> 1 NA 92.49 1082.685 1 66088939 
TP79460 <hkxhk> 1 73.946 92.759 1097.91 1 66455662 
TP95917 <nnxnp> 1 NA 93.083 1101.107 NA NA 
TP100622 <hkxhk> 1 75.133 93.533 1092.2 NA NA 
TP68033 <hkxhk> 1 76.524 94.666 1078.389 1 66325518 
TP97723 <nnxnp> 1 NA 95.68 1063.435 NA NA 
TP78305 <hkxhk> 1 78.217 96.402 1118.486 NA NA 
X67 <hkxhk> 1 77.871 96.634 1115.797 1 67724596 
TP123420 <nnxnp> 1 NA 96.77 1071.694 1 67750815 
TP24115 <hkxhk> 1 79.583 97.533 1106.863 1 67449668 
TP66436 <nnxnp> 1 NA 97.912 1124.561 NA NA 
TP91973 <nnxnp> 1 NA 98.289 1054.368 1 67488606 
TP79090 <nnxnp> 1 NA 99.976 1132.382 NA NA 
TP28602 <nnxnp> 1 NA 101.062 1163.612 1 5091743 
TP23614 <nnxnp> 1 NA 101.937 1172.861 1 69096248 
TP66797 <nnxnp> 1 NA 102.291 1139.91 NA NA 
TP59873 <hkxhk> 1 84.704 102.788 1189.953 1 69663683 
TP56219 <nnxnp> 1 NA 103.132 1112.664 NA NA 
TP78848 <hkxhk> 1 86.228 104.079 1181.995 1 69229942 
TP33857 <nnxnp> 1 NA 104.903 1149.107 NA NA 
TP34713 <hkxhk> 1 88.56 105.747 1204.886 1 70025451 
TP96960 <nnxnp> 1 NA 106.864 1253.522 1 71474014 
TP77835 <nnxnp> 1 NA 107.588 1247.593 NA NA 
TP93973 <nnxnp> 1 NA 108.311 1291.429 1 71251609 
TP108942 <hkxhk> 1 91.467 108.736 1226.664 1 70752061 
TP77515 <nnxnp> 1 NA 108.885 1229.55 1 71879757 
TP48234 <nnxnp> 1 NA 109.766 1269.263 10 3128537 
TP51161 <hkxhk> 1 93.17 110.534 1234.071 1 71209561 
TP121283 <nnxnp> 1 NA 111.026 1280.302 1 71183229 
TP62577 <nnxnp> 1 NA 111.583 1285.844 1 71101340 
TP54646 <hkxhk> 1 94.459 112.425 1219.465 1 70565357 
TP98902 <nnxnp> 1 NA 113.541 1259.633 1 71663040 
TP91615 <hkxhk> 1 96.194 114.18 1240.125 1 71318799 
TP33358 <hkxhk> 1 99.165 115.754 1295.795 NA NA 
TP75939 <nnxnp> 1 NA 116.769 1305.062 NA NA 
TP7244 <hkxhk> 1 100.557 117.604 1310.278 1 72045756 
TP59780 <hkxhk> 1 106.045 122.499 1324.605 3 53255805 
TP68127 <nnxnp> 2 NA 0 0 1 2590159 




Table A3 (cont.) 
TP77021 <nnxnp> 2 NA 5.971 28.211 1 2041927 
TP72359 <nnxnp> 2 NA 7.542 23.376 1 1893817 
TP114462 <nnxnp> 2 NA 8.663 34.529 NA NA 
TP17261 <nnxnp> 2 NA 10.907 16.924 NA NA 
TP98801 <nnxnp> 2 NA 12.366 11.116 NA NA 
TP110209 <nnxnp> 2 NA 13.491 51.138 1 3037162 
X237 <nnxnp> 2 NA 14.117 18.631 1 3149279 
TP44016 <nnxnp> 2 NA 15.263 66.207 1 2811058 
TP57166 <nnxnp> 2 NA 16.986 59.012 1 2542270 
TP47253 <nnxnp> 2 NA 20.232 74.518 1 51816021 
TP93620 <nnxnp> 2 NA 23.616 87.219 1 3697552 
TP13305 <nnxnp> 2 NA 25.471 98.95 1 4584260 
TP45740 <hkxhk> 2 7.211 32.43 131.385 NA NA 
X646 <hkxhk> 2 17.394 37.28 149.537 1 17065308 
TP89402 <hkxhk> 2 22.712 41.466 165.209 NA NA 
TP86418 <hkxhk> 2 28.207 46.675 186.698 1 20084912 
TP83625 <hkxhk> 2 33.892 49.821 219.602 NA NA 
TP64079 <nnxnp> 2 NA 51.331 199.515 1 49348728 
TP14446 <hkxhk> 2 35.689 52.914 283.776 NA NA 
TP81076 <hkxhk> 2 40.509 53.968 280.115 1 47509359 
TP34323 <hkxhk> 2 38.916 55.042 230.085 1 51127885 
TP66426 <hkxhk> 2 37.216 56.591 292.256 NA NA 
X454 <hkxhk> 2 46.075 59.459 320.126 1 54126459 
TP1828 <hkxhk> 2 44.923 61.561 306.772 NA NA 
TP58483 <hkxhk> 2 50.377 65.193 345.656 1 56707030 
TP84768 <nnxnp> 2 NA 66.05 370.494 NA NA 
TP71886 <nnxnp> 2 NA 77.043 409.974 NA NA 
TP54190 <nnxnp> 2 NA 80.474 446.053 1 65478588 
TP30341 <nnxnp> 2 NA 82.216 546.721 1 67569444 
TP114770 <nnxnp> 2 NA 84.974 533.256 1 66995849 
TP70614 <nnxnp> 2 NA 86.264 526.649 1 67077188 
TP7780 <nnxnp> 2 NA 86.923 483.302 1 66369500 
TP89431 <hkxhk> 2 73.345 87.181 498.746 NA NA 
TP101376 <nnxnp> 2 NA 87.614 516.505 1 65927100 
TP8414 <nnxnp> 2 NA 88.804 429.226 NA NA 
TP91518 <nnxnp> 2 NA 91.153 559.55 1 68579810 
TP24400 <nnxnp> 2 NA 92.716 466.578 2 60009674 
TP21022 <nnxnp> 2 NA 94.348 570.143 NA NA 




Table A3 (cont.) 
TP105272 <nnxnp> 2 NA 97.474 636.034 NA NA 
TP88148 <hkxhk> 2 80.833 98.377 644.135 1 71080829 
TP51551 <nnxnp> 2 NA 99.124 606.327 1 70080914 
X151 <nnxnp> 2 NA 100.086 646.102 9 1722376 
TP16922 <nnxnp> 2 NA 101.212 628.455 1 71159594 
TP55754 <nnxnp> 2 NA 103.209 617.803 1 70461933 
TP8837 <nnxnp> 2 NA 104.627 582.155 1 69646572 
X379 <nnxnp> 2 NA 110.543 655.894 1 73247705 
TP51915 <nnxnp> 2 NA 115.528 662.362 NA NA 
TP65750 <hkxhk> 3 106.927 0 13.803 NA NA 
TP59249 <nnxnp> 3 NA 1.207 0 8 39443 
TP58529 <nnxnp> 3 NA 4.132 51.27 NA NA 
TP38386 <nnxnp> 3 NA 5.441 9.871 NA NA 
TP40690 <nnxnp> 3 NA 5.894 65.315 2 2935293 
TP110956 <nnxnp> 3 NA 6.492 27.055 NA NA 
TP43225 <hkxhk> 3 86.613 7.062 97.243 NA NA 
TP95904 <nnxnp> 3 NA 7.575 70.423 2 2647347 
TP36242 <hkxhk> 3 82.988 7.849 58.816 2 2874313 
TP112218 <nnxnp> 3 NA 8.311 92.83 2 3063599 
TP109378 <nnxnp> 3 NA 8.758 75.032 2 1958586 
TP119270 <nnxnp> 3 NA 9.323 44.907 2 2837643 
TP22055 <nnxnp> 3 NA 9.875 78.773 2 3445013 
TP25158 <nnxnp> 3 NA 10.591 86.791 2 3659319 
TP20376 <nnxnp> 3 NA 11.111 81.873 NA NA 
TP27556 <nnxnp> 3 NA 11.777 109.559 NA NA 
TP27881 <hkxhk> 3 85.184 12.139 106.348 NA NA 
TP48989 <nnxnp> 3 NA 12.827 113.546 NA NA 
TP21848 <nnxnp> 3 NA 13.617 118.659 9 50063776 
TP107185 <hkxhk> 3 77.357 14.104 142.224 2 8969070 
TP7063 <nnxnp> 3 NA 14.382 349.888 2 9042290 
TP23294 <hkxhk> 3 77.866 14.784 322.884 NA NA 
TP99704 <nnxnp> 3 NA 15.203 125.423 NA NA 
TP78227 <hkxhk> 3 79.244 15.409 135.172 2 9466570 
TP82929 <hkxhk> 3 78.87 15.703 217.297 2 60385293 
TP6717 <nnxnp> 3 NA 16.114 147.861 NA NA 
TP43327 <hkxhk> 3 76.074 16.349 159.506 2 12002881 
TP74578 <nnxnp> 3 NA 16.674 131.149 2 8152789 
X346 <hkxhk> 3 75.672 16.732 44.008 2 11583438 




Table A3 (cont.) 
TP28392 <hkxhk> 3 74.598 17.298 394.997 2 21885917 
TP116516 <hkxhk> 3 74.368 17.787 389.692 NA NA 
TP93097 <nnxnp> 3 NA 17.991 336.417 NA NA 
TP10791 <hkxhk> 3 73.988 18.204 171.37 2 45447685 
TP81558 <nnxnp> 3 NA 18.478 352.988 NA NA 
TP109373 <hkxhk> 3 72.941 18.675 363.937 2 56302424 
TP20665 <hkxhk> 3 71.205 18.907 287.533 5 56039031 
TP5353 <nnxnp> 3 NA 19.074 405.033 2 10620796 
TP121442 <hkxhk> 3 72.357 19.38 401.071 NA NA 
TP81524 <nnxnp> 3 NA 19.541 416.417 NA NA 
TP5247 <hkxhk> 3 73.176 19.678 180.672 NA NA 
TP91574 <hkxhk> 3 72.06 19.906 356.147 2 39957618 
TP97123 <nnxnp> 3 NA 20.041 413.5 NA NA 
TP20438 <hkxhk> 3 72.544 20.183 385.652 NA NA 
TP124295 <hkxhk> 3 71.481 20.378 420.144 NA NA 
TP85506 <nnxnp> 3 NA 20.436 154.082 NA NA 
X184 <hkxhk> 3 71.069 20.556 347.725 2 17325216 
X244 <hkxhk> 3 71.069 20.556 419.736 2 17104859 
TP50335 <hkxhk> 3 71.754 20.734 177.012 NA NA 
TP5618 <hkxhk> 3 73.516 21.147 382.3 2 57986940 
TP115175 <nnxnp> 3 NA 21.248 308.106 NA NA 
TP95433 <hkxhk> 3 74.91 21.548 297.875 2 56218822 
TP86180 <nnxnp> 3 NA 21.775 312.242 2 74084937 
TP101331 <hkxhk> 3 70.238 22.17 424.078 2 59243697 
TP70895 <nnxnp> 3 NA 22.281 183.712 2 57511875 
TP32441 <hkxhk> 3 70.542 22.539 199.322 2 58418600 
TP106651 <nnxnp> 3 NA 22.618 304.395 2 18628971 
TP68023 <hkxhk> 3 69.539 22.878 427.7 2 58865019 
TP97032 <nnxnp> 3 NA 23.09 360.574 2 51564367 
TP59238 <hkxhk> 3 69.785 23.25 278.329 2 58877732 
TP66208 <hkxhk> 3 69.007 23.578 435.941 NA NA 
TP90015 <nnxnp> 3 NA 23.774 316.763 NA NA 
TP56826 <hkxhk> 3 68.607 24.074 206.65 NA NA 
TP75257 <nnxnp> 3 NA 24.434 194.421 NA NA 
TP111295 <hkxhk> 3 68.104 24.739 229.414 2 59921456 
TP46214 <nnxnp> 3 NA 24.882 282.013 NA NA 
TP65258 <hkxhk> 3 67.835 25.051 232.741 2 59948236 
TP67440 <nnxnp> 3 NA 25.365 189.606 NA NA 




Table A3 (cont.) 
TP125431 <nnxnp> 3 NA 25.892 272.409 2 59065393 
TP19266 <hkxhk> 3 66.621 26.263 238.934 2 60863940 
TP85390 <hkxhk> 3 66.198 26.662 243.984 NA NA 
TP33898 <nnxnp> 3 NA 27.035 211.53 2 59737800 
TP32246 <hkxhk> 3 65.436 27.443 249.038 NA NA 
TP25237 <hkxhk> 3 64.626 28.075 521.728 2 62121234 
TP104896 <nnxnp> 3 NA 28.516 235.319 2 59753038 
TP23050 <hkxhk> 3 62.325 28.755 515.092 2 62241917 
TP90226 <hkxhk> 3 63.778 29.348 498.174 NA NA 
TP31579 <hkxhk> 3 63.295 29.689 490.561 2 62693001 
TP98203 <nnxnp> 3 NA 29.838 480.615 NA NA 
TP91472 <hkxhk> 3 62.75 30.237 483.893 NA NA 
TP113905 <hkxhk> 3 61.971 30.534 530.125 2 63211022 
TP122794 <nnxnp> 3 NA 30.601 262.091 2 62077030 
TP1248 <nnxnp> 3 NA 30.832 449.66 2 61834324 
TP79975 <hkxhk> 3 61.46 31.218 538.731 3 59504126 
TP107270 <nnxnp> 3 NA 31.405 532.178 2 63371565 
TP21139 <hkxhk> 3 60.673 31.584 535.322 2 63663489 
TP91647 <nnxnp> 3 NA 31.996 471.607 NA NA 
TP115889 <hkxhk> 3 60.029 32.341 543.629 2 63630074 
TP768 <nnxnp> 3 NA 33.049 255.351 NA NA 
TP93763 <nnxnp> 3 NA 33.512 460.36 2 62542815 
TP102238 <hkxhk> 3 58.189 33.811 572.314 2 64564353 
TP15397 <hkxhk> 3 57.702 34.656 584.669 NA NA 
TP1197 <hkxhk> 3 55.629 34.933 593.729 2 65426952 
TP28811 <hkxhk> 3 56.671 35.747 612.484 2 65426411 
TP114794 <nnxnp> 3 NA 36.056 575.533 2 64624756 
TP16334 <hkxhk> 3 56.135 36.22 615.609 NA NA 
TP15724 <nnxnp> 3 NA 36.832 578.63 2 65386102 
TP87208 <hkxhk> 3 54.824 37.039 606.116 2 65467837 
TP14487 <nnxnp> 3 NA 37.239 621.198 2 65365768 
TP38608 <nnxnp> 3 NA 37.714 600.471 2 65104955 
TP122447 <nnxnp> 3 NA 38.139 617.654 2 65316777 
TP81633 <hkxhk> 3 53.421 38.192 684.639 NA NA 
TP77327 <hkxhk> 3 52.705 38.735 667.195 9 57236059 
TP15133 <nnxnp> 3 NA 39.09 558.988 NA NA 
TP55204 <nnxnp> 3 NA 39.65 633.055 NA NA 
TP100389 <hkxhk> 3 51.573 39.897 675.371 2 66396771 




Table A3 (cont.) 
TP54553 <nnxnp> 3 NA 40.961 688.164 NA NA 
TP87621 <hkxhk> 3 49.882 41.481 693.314 NA NA 
TP50523 <hkxhk> 3 49.522 41.868 705.355 3 10078751 
TP28470 <nnxnp> 3 NA 42.282 646.962 2 66429715 
TP38077 <hkxhk> 3 48.846 42.607 651.847 2 66981484 
TP64471 <hkxhk> 3 45.385 43.374 658.446 2 66713011 
TP94811 <nnxnp> 3 NA 43.771 703.084 2 67064012 
TP125125 <hkxhk> 3 47.389 44.006 709.255 2 67105808 
TP109468 <hkxhk> 3 48.012 44.498 720.342 2 67372793 
TP17557 <nnxnp> 3 NA 44.971 701.082 2 67280300 
TP99177 <hkxhk> 3 46.746 45.273 714.223 2 67087382 
TP93201 <nnxnp> 3 NA 45.804 697.175 2 66704022 
TP71055 <nnxnp> 3 NA 46.365 728.524 NA NA 
TP67371 <hkxhk> 3 43.9 47.567 736.779 2 68295426 
X26 <nnxnp> 3 NA 47.911 738.273 2 68655608 
TP83935 <hkxhk> 3 42.019 48.583 757.998 2 69053555 
TP44018 <nnxnp> 3 NA 49.146 743.409 2 70009018 
TP115293 <nnxnp> 3 NA 49.88 747.562 2 69820182 
TP26811 <hkxhk> 3 39.563 50.435 751.718 2 69793589 
TP26812 <nnxnp> 3 NA 50.687 762.652 2 69793589 
TP40151 <nnxnp> 3 NA 51.239 766.558 2 70278449 
TP116945 <nnxnp> 3 NA 51.68 770.889 NA NA 
TP71070 <nnxnp> 3 NA 53.041 776.111 NA NA 
TP33536 <nnxnp> 3 NA 53.967 811.664 2 70813708 
TP78025 <nnxnp> 3 NA 54.538 808.94 NA NA 
TP116242 <nnxnp> 3 NA 55.081 797.349 2 70768052 
TP103093 <nnxnp> 3 NA 55.809 815.716 2 70992128 
TP38740 <nnxnp> 3 NA 56.39 821.639 NA NA 
TP7454 <nnxnp> 3 NA 56.718 819.612 2 71340123 
TP75158 <nnxnp> 3 NA 57.521 804.183 NA NA 
TP109863 <nnxnp> 3 NA 58.538 783.99 NA NA 
TP82945 <nnxnp> 3 NA 59.415 791.297 NA NA 
TP75971 <nnxnp> 3 NA 60.825 842.457 6 54264023 
TP109359 <hkxhk> 3 36.535 61.227 825.42 NA NA 
TP57400 <nnxnp> 3 NA 61.989 848.128 2 72532310 
TP40386 <nnxnp> 3 NA 62.862 830.007 2 72466310 
TP39455 <nnxnp> 3 NA 63.605 835.479 NA NA 
TP108808 <nnxnp> 3 NA 65.093 854.026 NA NA 




Table A3 (cont.) 
TP17634 <nnxnp> 3 NA 66.978 878.084 2 73521678 
TP86496 <nnxnp> 3 NA 67.529 868.785 NA NA 
TP54186 <hkxhk> 3 22.435 69.421 915.78 NA NA 
TP48498 <nnxnp> 3 NA 69.883 885.819 2 73845737 
TP69179 <nnxnp> 3 NA 71.564 894.935 6 49818683 
TP119103 <nnxnp> 3 NA 72.855 924.347 2 74691754 
TP80587 <nnxnp> 3 NA 73.951 931.493 NA NA 
TP53917 <nnxnp> 3 NA 74.909 907.071 2 74209270 
TP13577 <hkxhk> 3 16.233 76.197 950.927 9 41367706 
TP42656 <nnxnp> 3 NA 77.784 939.709 2 75419832 
TP11861 <hkxhk> 3 6.119 79.783 1007.714 NA NA 
TP98523 <hkxhk> 3 8.121 81.025 991.428 NA NA 
TP794 <nnxnp> 3 NA 81.509 982.169 NA NA 
TP32326 <nnxnp> 3 NA 83.23 961.483 NA NA 
TP44324 <hkxhk> 3 11.345 83.998 973.531 NA NA 
TP120744 <nnxnp> 3 NA 85.483 957.187 NA NA 
TP57886 <nnxnp> 3 NA 86.955 967.398 2 76513547 
TP69675 <nnxnp> 4 NA 0 5.482 2 49371829 
TP111003 <hkxhk> 4 86.138 1.998 22.317 NA NA 
TP17320 <hkxhk> 4 84.364 4.266 16.264 NA NA 
TP105243 <nnxnp> 4 NA 5.204 27.979 NA NA 
X290 <nnxnp> 4 NA 6.591 NA 2 766164 
TP18320 <hkxhk> 4 76.343 7.889 70.102 NA NA 
TP45713 <hkxhk> 4 78.663 9.308 38.283 2 1910904 
X593 <nnxnp> 4 NA 10.273 NA 2 2833060 
TP38166 <nnxnp> 4 NA 11.114 83.291 2 5237601 
TP99504 <hkxhk> 4 73.595 13.436 53.767 NA NA 
TP104370 <nnxnp> 4 NA 14.437 192.666 NA NA 
TP24280 <hkxhk> 4 70.981 15.411 149.732 2 13585314 
X589 <nnxnp> 4 NA 16.472 NA 2 62305422 
TP5248 <hkxhk> 4 68.444 17.448 138.747 NA NA 
TP56423 <nnxnp> 4 NA 18.781 118.243 NA NA 
TP49060 <hkxhk> 4 67.481 19.913 130.652 5 11283264 
TP71569 <nnxnp> 4 NA 22.614 101.718 NA NA 
TP48243 <hkxhk> 4 59.85 24.1 257.121 2 61433194 
TP81026 <nnxnp> 4 NA 27.989 315.711 2 64740067 
TP34324 <hkxhk> 4 41.459 42.305 438.723 2 69476363 
TP57207 <nnxnp> 4 NA 42.937 446.702 2 69615179 




Table A3 (cont.) 
TP97174 <nnxnp> 4 NA 47.909 432.867 NA NA 
TP29227 <hkxhk> 4 32.712 51.581 496.966 2 71634823 
TP114311 <hkxhk> 4 35.392 53.365 466.994 2 71665039 
TP123177 <hkxhk> 4 34.259 54.765 485.279 NA NA 
TP89969 <nnxnp> 4 NA 56.067 512.906 NA NA 
TP77955 <hkxhk> 4 29.773 57.624 522.713 2 72372971 
TP33137 <hkxhk> 4 27.648 59.803 530.403 2 72932522 
TP29890 <nnxnp> 4 NA 61.161 541.735 2 72848614 
TP108600 <hkxhk> 4 25.946 62.327 567.576 NA NA 
TP118370 <hkxhk> 4 23.796 64.05 559.375 2 73535466 
TP17574 <nnxnp> 4 NA 64.473 553.374 2 73525500 
TP102280 <hkxhk> 4 21.558 66.389 583.61 NA NA 
TP116991 <hkxhk> 4 19.649 68.596 604.616 NA NA 
TP75964 <nnxnp> 4 NA 69.196 612.339 2 74384046 
X305 <nnxnp> 4 NA 70.199 618.925 2 74081417 
TP37607 <hkxhk> 4 17.122 71.528 594.382 NA NA 
TP24964 <nnxnp> 4 NA 71.96 621.993 2 74763909 
TP110175 <nnxnp> 4 NA 74.254 627.463 2 75670926 
TP53514 <nnxnp> 4 NA 77.394 634.101 2 76243114 
TP86120 <nnxnp> 4 NA 79.297 641.105 NA NA 
TP98163 <nnxnp> 4 NA 82.695 662.05 NA NA 
TP24139 <nnxnp> 4 NA 84.592 671.584 NA NA 
TP85143 <nnxnp> 4 NA 87.388 654.17 2 77731079 
TP32378 <hkxhk> 4 1.858 88.793 676.112 NA NA 
TP118850 <nnxnp> 4 NA 92.588 690.463 NA NA 
TP91491 <hkxhk> 5 83.316 0 92.231 NA NA 
TP42444 <nnxnp> 5 NA 3.581 136.504 NA NA 
TP25696 <nnxnp> 5 NA 5.734 106.669 NA NA 
TP28479 <nnxnp> 5 NA 6.883 125.676 4 3245691 
TP72008 <nnxnp> 5 NA 8.082 116.565 3 1431361 
X608 <nnxnp> 5 NA 9.29 88.297 3 219836 
TP72956 <nnxnp> 5 NA 9.599 76.403 3 2391015 
TP64593 <nnxnp> 5 NA 10.471 144.643 3 1850520 
TP46517 <hkxhk> 5 66.995 11.242 169.986 3 3565963 
TP2246 <nnxnp> 5 NA 11.654 157.729 3 2939504 
TP67861 <nnxnp> 5 NA 12.744 66.696 3 3189585 
TP50876 <nnxnp> 5 NA 13.233 151.409 3 2637841 
TP41521 <hkxhk> 5 63.35 14.158 204.578 NA NA 




Table A3 (cont.) 
TP26659 <nnxnp> 5 NA 14.893 164.049 3 3220061 
TP101223 <hkxhk> 5 62.74 15.029 209.572 NA NA 
TP32325 <nnxnp> 5 NA 15.645 57.725 NA NA 
TP48739 <hkxhk> 5 61.503 16.191 188.213 3 55424433 
TP47599 <nnxnp> 5 NA 16.59 178.356 NA NA 
TP76616 <nnxnp> 5 NA 16.962 196.941 3 5647729 
TP80138 <hkxhk> 5 64.569 17.539 219.409 NA NA 
X277 <nnxnp> 5 NA 17.937 179.938 3 2814495 
TP19054 <nnxnp> 5 NA 18.379 223.801 3 6133386 
TP74491 <hkxhk> 5 59.492 18.792 255.512 NA NA 
TP75328 <hkxhk> 5 60.349 19.19 214.345 NA NA 
TP29303 <hkxhk> 5 58.197 20.113 240.788 3 9145992 
TP32499 <nnxnp> 5 NA 20.511 259.778 3 8253723 
X134 <nnxnp> 5 NA 20.824 253.535 3 7500246 
TP18172 <nnxnp> 5 NA 21.393 346.741 3 10290990 
TP66236 <hkxhk> 5 56.702 21.628 272.84 NA NA 
TP114236 <nnxnp> 5 NA 21.862 304.18 2 66299329 
TP54576 <nnxnp> 5 NA 22.366 289.786 NA NA 
TP2243 <hkxhk> 5 55.55 22.542 277.11 NA NA 
TP46327 <hkxhk> 5 56.159 22.942 262.762 NA NA 
TP30254 <nnxnp> 5 NA 23.075 309.653 NA NA 
TP115991 <nnxnp> 5 NA 23.52 316.948 5 57760311 
TP107339 <hkxhk> 5 54.321 23.833 284.704 3 10333769 
TP105514 <nnxnp> 5 NA 23.96 232.03 3 9647675 
TP77551 <nnxnp> 5 NA 24.392 297.344 3 10111227 
X152 <nnxnp> 5 NA 24.699 448.876 3 49752585 
TP24047 <nnxnp> 5 NA 25.24 338.985 NA NA 
TP82660 <hkxhk> 5 51.405 25.457 421.501 3 11960985 
TP43240 <hkxhk> 5 52.733 26.004 324.136 3 11026572 
TP21309 <nnxnp> 5 NA 26.289 404.837 3 13679402 
TP11503 <hkxhk> 5 51.926 26.611 332.71 3 11626391 
TP20454 <nnxnp> 5 NA 26.837 458.376 3 12952916 
TP57338 <hkxhk> 5 50.665 27.313 411.73 10 14392046 
TP34432 <nnxnp> 5 NA 27.788 471.082 3 51941314 
TP111134 <nnxnp> 5 NA 28.18 465.541 3 27349983 
TP93349 <nnxnp> 5 NA 28.594 452.575 NA NA 
TP79653 <nnxnp> 5 NA 28.856 475.577 3 52448091 
TP76139 <nnxnp> 5 NA 29.188 400.384 3 51370392 




Table A3 (cont.) 
TP115352 <hkxhk> 5 48.533 29.669 448.32 3 53586293 
TP112511 <nnxnp> 5 NA 30.337 478.742 NA NA 
TP29614 <hkxhk> 5 44.747 30.765 384.81 NA NA 
TP88354 <nnxnp> 5 NA 30.922 376.474 3 55461794 
TP75224 <nnxnp> 5 NA 31.408 495.272 3 57219580 
TP82958 <hkxhk> 5 47.379 31.721 395.349 3 54423298 
TP70426 <nnxnp> 5 NA 32.03 361.911 7 52066357 
TP33668 <nnxnp> 5 NA 32.529 369.589 3 55899666 
TP110558 <nnxnp> 5 NA 32.954 482.52 3 57933249 
TP76854 <hkxhk> 5 43.611 33.243 509.953 3 58437452 
TP27847 <nnxnp> 5 NA 34.175 499.668 3 57700677 
TP104437 <nnxnp> 5 NA 34.566 504.71 NA NA 
TP79214 <hkxhk> 5 45.913 35.189 488.609 3 57328579 
TP13280 <nnxnp> 5 NA 35.57 546.932 3 59344146 
TP24539 <nnxnp> 5 NA 35.997 515.919 NA NA 
TP12231 <hkxhk> 5 38.875 36.856 554.907 NA NA 
TP86119 <nnxnp> 5 NA 37.184 523.7 3 59344236 
TP505 <nnxnp> 5 NA 37.751 531.638 3 59261038 
TP85724 <nnxnp> 5 NA 38.394 539.008 3 60127991 
TP35122 <nnxnp> 5 NA 39.125 553.36 NA NA 
TP112039 <hkxhk> 5 36.939 39.284 565.7 3 60807818 
TP97381 <hkxhk> 5 35.477 39.923 560.644 3 60811992 
TP99669 <nnxnp> 5 NA 41.191 588.822 3 61385774 
TP50338 <hkxhk> 5 32.225 42.052 582.714 NA NA 
TP7134 <nnxnp> 5 NA 42.417 574.167 3 62433998 
TP89053 <hkxhk> 5 30.926 43.043 578.65 3 61463409 
TP48606 <nnxnp> 5 NA 43.861 613.678 3 61821109 
TP111182 <hkxhk> 5 28.464 44.317 596.837 NA NA 
TP77851 <nnxnp> 5 NA 45.017 602.244 3 62657374 
X98 <nnxnp> 5 NA 45.774 632.753 3 63773120 
TP70184 <hkxhk> 5 26.289 46.072 607.966 3 62817126 
TP9166 <nnxnp> 5 NA 46.875 636.423 1 65468586 
TP69083 <nnxnp> 5 NA 47.425 633.9 3 65318044 
TP56112 <hkxhk> 5 21.707 47.729 627.579 6 44931310 
TP71065 <hkxhk> 5 22.901 48.307 623.03 3 63516505 
TP85663 <nnxnp> 5 NA 49.182 684.379 3 65646191 
TP80836 <hkxhk> 5 23.484 49.511 618.762 3 63526062 
TP31842 <nnxnp> 5 NA 50.197 672.151 3 65672921 




Table A3 (cont.) 
TP109063 <hkxhk> 5 19.549 51.174 641.652 3 64223575 
TP56577 <nnxnp> 5 NA 52.257 691.803 3 66452817 
TP110463 <nnxnp> 5 NA 52.736 715.629 3 66619495 
TP109497 <hkxhk> 5 17.216 53.13 660.831 3 65259673 
TP77724 <nnxnp> 5 NA 53.421 707.836 3 66862729 
TP91993 <nnxnp> 5 NA 53.995 711.191 3 66434380 
TP27956 <nnxnp> 5 NA 55.063 700.383 NA NA 
TP121477 <hkxhk> 5 13.314 55.534 667.87 3 65752255 
TP72870 <hkxhk> 5 14.928 56.15 676.323 NA NA 
TP96294 <nnxnp> 5 NA 57.024 783.351 3 68081524 
TP94861 <nnxnp> 5 NA 57.482 752.025 9 51377116 
TP65982 <nnxnp> 5 NA 57.986 744.158 3 67679001 
X6 <nnxnp> 5 NA 58.519 798.943 3 67658158 
TP67656 <nnxnp> 5 NA 58.957 758.13 1 6338906 
TP33671 <nnxnp> 5 NA 59.724 766.448 3 67971087 
TP102831 <nnxnp> 5 NA 60.277 791.176 3 68068938 
TP87631 <hkxhk> 5 9.075 60.634 721.73 3 67411652 
TP15493 <nnxnp> 5 NA 61.358 845.35 NA NA 
TP8208 <nnxnp> 5 NA 62.287 775.228 3 68429377 
TP38403 <nnxnp> 5 NA 62.934 826.995 3 69049735 
TP2901 <hkxhk> 5 6.142 63.173 735.363 NA NA 
TP99491 <nnxnp> 5 NA 63.688 834.717 3 68997840 
TP28007 <nnxnp> 5 NA 64.261 871.588 3 69070402 
TP50954 <nnxnp> 5 NA 65.309 881.145 NA NA 
TP60861 <nnxnp> 5 NA 65.847 894.99 NA NA 
TP53614 <nnxnp> 5 NA 66.455 890.575 3 69724311 
TP51324 <nnxnp> 5 NA 66.935 886.998 NA NA 
TP40961 <nnxnp> 5 NA 67.393 865.007 3 69638385 
TP63049 <nnxnp> 5 NA 67.565 858.423 NA NA 
TP112969 <nnxnp> 5 NA 68.422 806.676 3 69049291 
TP70753 <nnxnp> 5 NA 68.851 818.384 NA NA 
TP1912 <nnxnp> 5 NA 69.673 904.21 NA NA 
TP74455 <nnxnp> 5 NA 70.972 927.247 3 70616941 
TP50066 <nnxnp> 5 NA 72.02 933.598 3 71107537 
TP21315 <nnxnp> 5 NA 73.322 917.02 3 70598224 
TP24299 <nnxnp> 5 NA 74.019 947.824 3 71630469 
TP88459 <nnxnp> 5 NA 74.44 939.957 NA NA 
TP117302 <nnxnp> 5 NA 75.043 1068.526 NA NA 




Table A3 (cont.) 
TP114731 <nnxnp> 5 NA 76.762 1057.8 NA NA 
TP34458 <nnxnp> 5 NA 77.287 1051.773 NA NA 
X467 <nnxnp> 5 NA 79.06 1027.372 3 72353041 
TP87122 <nnxnp> 5 NA 79.318 977.993 3 72205553 
TP97462 <nnxnp> 5 NA 80.249 958.731 3 72152955 
TP100964 <nnxnp> 5 NA 81.308 984.35 3 72592733 
TP13687 <nnxnp> 5 NA 82.368 1001.235 3 73259136 
TP89572 <nnxnp> 5 NA 83.191 1005.394 3 73111969 
TP38035 <nnxnp> 5 NA 83.701 1033.173 NA NA 
TP33385 <nnxnp> 5 NA 84.773 1041.045 NA NA 
TP32442 <nnxnp> 5 NA 85.611 970.125 3 72197167 
TP53019 <nnxnp> 5 NA 86.552 1024.944 7 52667767 
TP105364 <nnxnp> 5 NA 88.817 994.824 3 73229444 
TP17098 <nnxnp> 5 NA 91.159 1014.444 NA NA 
TP92140 <nnxnp> 6 NA 0 0 3 565021 
TP107849 <hkxhk> 6 84.345 1.346 11.309 3 314979 
TP96143 <nnxnp> 6 NA 1.948 7.524 NA NA 
TP100781 <nnxnp> 6 NA 4.82 31.762 3 1281815 
TP98553 <nnxnp> 6 NA 6.246 36.861 3 2664477 
TP43130 <nnxnp> 6 NA 7.265 88.683 3 1343828 
TP59370 <hkxhk> 6 79.658 8.065 28.417 NA NA 
TP38935 <nnxnp> 6 NA 9.384 46.51 3 2534760 
TP65846 <nnxnp> 6 NA 10.674 41.311 NA NA 
TP80751 <nnxnp> 6 NA 11.778 78.832 NA NA 
X319 <hkxhk> 6 72.744 12.091 85.116 3 1569586 
TP71561 <nnxnp> 6 NA 13.026 122.397 3 3220835 
TP6572 <nnxnp> 6 NA 14.124 69.342 3 2722235 
TP15838 <hkxhk> 6 71.493 14.941 101.851 3 2778291 
TP121077 <nnxnp> 6 NA 15.717 56.864 3 2940374 
TP62722 <hkxhk> 6 73.497 16.688 96.83 NA NA 
TP9865 <nnxnp> 6 NA 17.37 173.585 3 4448068 
TP29044 <hkxhk> 6 72.209 17.987 61.438 NA NA 
TP60736 <nnxnp> 6 NA 18.549 157.843 3 4159659 
TP47849 <hkxhk> 6 75.501 19.293 53.52 NA NA 
TP52636 <nnxnp> 6 NA 19.878 182.49 3 4625231 
TP119040 <nnxnp> 6 NA 20.653 164.141 3 4755788 
TP67860 <hkxhk> 6 69.074 21.088 148.21 3 3189585 
X643 <nnxnp> 6 NA 22.038 185.124 3 5530709 




Table A3 (cont.) 
TP118494 <nnxnp> 6 NA 24.676 240.89 3 8029882 
TP95012 <nnxnp> 6 NA 25.721 218.838 3 8467450 
TP107685 <nnxnp> 6 NA 26.516 232.497 3 8257005 
TP68195 <nnxnp> 6 NA 26.955 226.709 3 8253713 
TP116313 <nnxnp> 6 NA 27.635 203.858 3 8583142 
TP13802 <nnxnp> 6 NA 28.337 210.626 3 7775546 
X176 <nnxnp> 6 NA 28.439 212.544 3 6683212 
TP21920 <hkxhk> 6 63.928 28.727 249.939 3 8314771 
TP82618 <nnxnp> 6 NA 29.274 274.55 3 8500684 
TP88593 <nnxnp> 6 NA 29.947 263.296 NA NA 
TP64986 <hkxhk> 6 61.745 30.503 267.728 3 8781041 
TP27190 <nnxnp> 6 NA 30.964 258.886 3 10490166 
TP119836 <nnxnp> 6 NA 31.946 254.768 NA NA 
TP74901 <nnxnp> 6 NA 32.497 288.886 3 11476585 
TP11308 <hkxhk> 6 58.815 33.515 337.096 3 12806187 
TP79775 <nnxnp> 6 NA 33.97 305.105 3 12486486 
TP80446 <hkxhk> 6 55.61 34.444 323.224 NA NA 
X79 <nnxnp> 6 NA 34.559 349.118 3 52816333 
TP42160 <nnxnp> 6 NA 34.805 371.665 3 12810253 
TP8301 <hkxhk> 6 55.958 34.974 347.385 3 14894008 
TP31941 <nnxnp> 6 NA 35.342 375.723 3 13553563 
TP64494 <hkxhk> 6 55.137 35.468 316.314 3 13622745 
X11 <hkxhk> 6 56.935 35.838 439.694 3 20393360 
TP7851 <hkxhk> 6 54.511 36.077 417.925 3 53626637 
TP59627 <hkxhk> 6 57.347 36.448 444.336 3 52300303 
TP15256 <nnxnp> 6 NA 36.823 358.475 3 47910815 
TP108289 <hkxhk> 6 58.053 37.231 408.693 3 50446284 
TP52910 <hkxhk> 6 56.286 37.735 367.773 3 53136363 
TP999 <nnxnp> 6 NA 37.87 459.57 3 54754381 
TP93147 <nnxnp> 6 NA 38.333 467.948 9 49964719 
TP9238 <hkxhk> 6 53.753 38.729 385.976 2 75517417 
TP114756 <hkxhk> 6 56.559 39.262 475.47 3 56255046 
X308 <nnxnp> 6 NA 39.287 403.67 3 59642734 
TP97082 <nnxnp> 6 NA 39.576 396.928 3 58575533 
X637 <hkxhk> 6 54.139 39.853 497.336 3 58594809 
TP76291 <hkxhk> 6 52.95 40.105 493.284 NA NA 
TP85638 <nnxnp> 6 NA 40.487 483.136 NA NA 
TP3384 <hkxhk> 6 51.938 40.837 403.458 NA NA 




Table A3 (cont.) 
TP16711 <hkxhk> 6 62.588 41.752 329.799 3 52179620 
TP5254 <nnxnp> 6 NA 42.068 524.896 4 64329469 
TP21338 <nnxnp> 6 NA 42.699 520.394 3 59562422 
TP72920 <nnxnp> 6 NA 43.078 528.241 3 59413210 
TP101499 <hkxhk> 6 50.24 43.45 509.035 3 59587457 
TP52240 <nnxnp> 6 NA 44.095 502.045 NA NA 
TP67136 <hkxhk> 6 49.268 44.535 516.238 NA NA 
TP72912 <nnxnp> 6 NA 45.075 531.852 NA NA 
TP81183 <hkxhk> 6 47.44 45.827 568.044 NA NA 
TP86396 <nnxnp> 6 NA 46.249 542.724 3 60819650 
TP116037 <hkxhk> 6 46.153 47.152 536.771 NA NA 
TP79881 <hkxhk> 6 48.172 48.276 550.847 NA NA 
TP104289 <hkxhk> 6 41.515 51.141 577.291 3 61805521 
TP52419 <nnxnp> 6 NA 53.172 627.124 3 63781948 
TP20609 <nnxnp> 6 NA 54.018 630.27 NA NA 
X485 <hkxhk> 6 38.294 54.927 632.181 3 63680821 
TP38156 <nnxnp> 6 NA 55.76 639.344 3 64134033 
TP102534 <hkxhk> 6 36.819 57.345 619.788 3 64771693 
TP114732 <hkxhk> 6 33.768 58.494 660.609 3 66255310 
TP110999 <nnxnp> 6 NA 59.128 652.409 3 65123247 
TP102972 <hkxhk> 6 31.27 61.215 674.967 3 67554734 
TP94873 <nnxnp> 6 NA 62.823 682.155 1 2414510 
TP85722 <nnxnp> 6 NA 64.279 666.251 3 66862726 
TP26451 <hkxhk> 6 28.398 64.852 669.951 3 67640867 
TP84759 <nnxnp> 6 NA 65.646 694.028 3 67798476 
X349 <hkxhk> 6 29.517 67.448 704.996 3 69100803 
TP102101 <hkxhk> 6 24.676 68.943 765.456 NA NA 
TP9023 <hkxhk> 6 23.274 70.842 772.611 3 69918163 
X195 <hkxhk> 6 25.274 71.863 792.497 3 69865284 
TP27330 <hkxhk> 6 20.211 73.541 750.664 3 70561867 
TP76778 <hkxhk> 6 17.684 75.725 812.713 3 71144271 
TP113875 <nnxnp> 6 NA 78.06 829.765 NA NA 
TP31989 <nnxnp> 6 NA 79.922 836.393 3 71864021 
TP8438 <hkxhk> 6 9.601 81.635 861.575 NA NA 
TP83064 <nnxnp> 6 NA 82.24 842.891 3 72205553 
TP99345 <hkxhk> 6 0 83.61 904.834 3 73190448 
TP593 <nnxnp> 6 NA 84.6 865.816 3 72732386 
TP85309 <hkxhk> 6 2.031 85.571 898.258 3 73299993 




Table A3 (cont.) 
TP94017 <hkxhk> 6 5.633 88.546 874.454 NA NA 
TP112986 <nnxnp> 6 NA 88.883 875.815 NA NA 
TP59638 <hkxhk> 6 4.456 90.168 883.384 3 74438364 
TP48324 <hkxhk> 6 3.202 91.634 879.254 3 73992230 
TP84733 <nnxnp> 6 NA 93.579 853.007 3 72752985 
TP39760 <nnxnp> 7 NA 0 129.704 4 9421500 
TP105993 <nnxnp> 7 NA 2.932 156.958 4 11683096 
TP79248 <nnxnp> 7 NA 6.465 179.646 4 13923045 
TP44131 <nnxnp> 7 NA 9.342 195.143 NA NA 
TP85628 <hkxhk> 7 54.351 10.824 192.071 4 14737043 
TP56113 <nnxnp> 7 NA 12.268 201.385 7 14061664 
TP19307 <nnxnp> 7 NA 18.514 359.727 NA NA 
TP7203 <nnxnp> 7 NA 19.642 226.597 7 5516132 
TP16138 <nnxnp> 7 NA 21.166 215.371 4 56315951 
TP60980 <nnxnp> 7 NA 22.82 221.747 7 5845008 
TP2727 <nnxnp> 7 NA 25.025 233.563 7 4917191 
TP87242 <nnxnp> 7 NA 28.993 333.815 2 71419325 
TP64480 <nnxnp> 7 NA 32.127 371.339 NA NA 
TP76924 <nnxnp> 7 NA 33.321 315.633 4 40066402 
TP47894 <hkxhk> 7 67.877 33.911 278.115 7 62838374 
TP43727 <nnxnp> 7 NA 35.111 340.947 NA NA 
TP78983 <nnxnp> 7 NA 36.339 328.469 NA NA 
TP58240 <hkxhk> 7 72.8 36.609 307.219 7 61545104 
TP32687 <nnxnp> 7 NA 37.657 325.502 NA NA 
TP54862 <hkxhk> 7 74.012 38.398 376.343 7 56974559 
TP116208 <nnxnp> 7 NA 39.175 320.654 NA NA 
TP48334 <hkxhk> 7 65.203 39.678 245.372 7 64137662 
TP119026 <hkxhk> 7 71.257 40.995 287.55 NA NA 
TP57806 <nnxnp> 7 NA 41.968 347.404 7 36467425 
TP36567 <hkxhk> 7 70.316 42.864 300.12 7 59061884 
X428 <hkxhk> 7 69.612 43.712 294.254 7 60132867 
TP28957 <nnxnp> 7 NA 44.077 382.847 7 57870313 
X83 <hkxhk> 7 66.244 45.191 250.96 7 63617802 
TP107979 <nnxnp> 7 NA 52.183 395.09 NA NA 
TP1752 <nnxnp> 7 NA 53.117 399.3 4 62711161 
X61 <nnxnp> 7 NA 53.495 396.643 4 63070853 
TP99073 <nnxnp> 7 NA 55.785 405.145 4 62175362 
TP26370 <nnxnp> 7 NA 57.474 409.316 4 61748646 




Table A3 (cont.) 
TP58267 <nnxnp> 7 NA 60.272 427.56 4 61209752 
TP73334 <nnxnp> 7 NA 61.613 432.046 4 60792407 
TP85188 <nnxnp> 7 NA 62.259 417.329 4 61451926 
TP9078 <nnxnp> 7 NA 63.184 420.735 4 60829581 
TP79662 <nnxnp> 7 NA 63.965 423.469 4 60209625 
TP67597 <hkxhk> 7 79.841 64.667 462.356 4 58333549 
TP95003 <nnxnp> 7 NA 65.623 438.485 4 60628843 
TP41342 <hkxhk> 7 81.363 66.537 453.914 4 58482895 
X190 <hkxhk> 7 80.039 67.005 449.929 6 52537823 
TP42766 <nnxnp> 7 NA 67.36 448.203 4 59248476 
TP94286 <nnxnp> 7 NA 67.888 445.118 4 59267836 
TP22389 <hkxhk> 7 84.065 69.275 469.8 4 57787054 
TP86177 <nnxnp> 7 NA 69.873 457.839 4 58003453 
TP96905 <nnxnp> 7 NA 71.137 465.4 4 57698344 
TP81204 <nnxnp> 7 NA 73.25 478.248 4 63951884 
TP107527 <nnxnp> 7 NA 74.695 488.389 4 64291455 
TP19463 <nnxnp> 7 NA 76.987 500.031 4 65177293 
TP120972 <nnxnp> 7 NA 77.824 542.681 NA NA 
TP117210 <nnxnp> 7 NA 78.669 526.071 4 65430572 
TP66618 <nnxnp> 7 NA 79.229 536.691 NA NA 
TP120595 <nnxnp> 7 NA 79.973 509.48 NA NA 
TP43156 <nnxnp> 7 NA 80.776 532.375 NA NA 
TP93224 <nnxnp> 7 NA 81.896 518.692 4 65455239 
TP98958 <hkxhk> 7 117.989 82.723 NA 4 67870926 
TP104154 <hkxhk> 7 97.624 83.407 567.892 NA NA 
TP22358 <nnxnp> 7 NA 84.67 556.286 4 66218431 
TP40420 <nnxnp> 7 NA 86.553 577.285 4 66715900 
TP30025 <nnxnp> 7 NA 87.97 582.97 4 66916884 
TP31983 <nnxnp> 7 NA 88.547 585.726 4 66899834 
TP111204 <hkxhk> 7 103.902 90.618 NA 4 66252666 
TP76064 <nnxnp> 7 NA 91.4 593.152 4 67583309 
TP53109 <nnxnp> 7 NA 93.666 598.88 9 47778279 
TP50620 <nnxnp> 8 NA 0 0 4 1027662 
TP35947 <nnxnp> 8 NA 1.825 15.295 4 90289 
TP117139 <hkxhk> 8 72.16 2.701 24.958 4 442147 
TP91178 <nnxnp> 8 NA 4.029 76.535 4 1682889 
TP48421 <hkxhk> 8 74.269 4.63 19.782 NA NA 
TP78946 <nnxnp> 8 NA 6.218 10.324 4 84003 




Table A3 (cont.) 
TP38365 <nnxnp> 8 NA 7.471 7.497 4 711541 
TP9929 <hkxhk> 8 67.92 8.669 37.15 4 1472861 
TP65721 <nnxnp> 8 NA 9.558 51.708 4 2775560 
TP75487 <nnxnp> 8 NA 10.436 47.268 NA NA 
TP13236 <nnxnp> 8 NA 11.026 55.762 4 2306899 
TP63176 <hkxhk> 8 65.07 11.46 44.487 2 615749 
TP40456 <nnxnp> 8 NA 12.285 97.783 4 4361293 
TP89361 <hkxhk> 8 63.629 12.53 58.836 NA NA 
TP117041 <hkxhk> 8 59.177 13.384 132.168 4 5465041 
X269 <hkxhk> 8 64.733 13.861 73.201 4 2809730 
X658 <hkxhk> 8 64.645 13.988 82.788 4 2809192 
TP96759 <hkxhk> 8 66.106 14.528 67.027 4 3252336 
TP105102 <nnxnp> 8 NA 14.864 87.069 4 4508745 
TP66966 <nnxnp> 8 NA 15.701 107.105 4 4028015 
TP75985 <hkxhk> 8 55.151 16.397 209.372 NA NA 
TP74939 <nnxnp> 8 NA 16.947 139.022 NA NA 
TP19121 <nnxnp> 8 NA 17.747 165.078 NA NA 
TP61531 <hkxhk> 8 58.234 18.213 117.973 NA NA 
TP117272 <hkxhk> 8 51.311 18.994 150.36 NA NA 
TP26719 <hkxhk> 8 57.297 19.441 113.592 4 5039160 
TP86544 <nnxnp> 8 NA 19.931 144.91 5 59181489 
TP25056 <nnxnp> 8 NA 20.344 147.289 4 6412738 
TP22834 <hkxhk> 8 53.156 20.739 184.407 4 8362643 
TP74543 <hkxhk> 8 60.337 21.258 170.735 4 7594395 
TP28107 <nnxnp> 8 NA 21.877 288.642 NA NA 
X264 <hkxhk> 8 53.662 22.086 299.59 4 8350554 
TP98446 <nnxnp> 8 NA 22.497 302.336 4 20600898 
TP67586 <hkxhk> 8 54.048 22.751 159.733 4 7239179 
TP3163 <nnxnp> 8 NA 23.06 295.284 NA NA 
TP40989 <nnxnp> 8 NA 23.525 186.765 NA NA 
X517 <hkxhk> 8 52.273 23.745 285.216 4 10118087 
TP73228 <nnxnp> 8 NA 24.227 274.867 4 12125275 
TP34575 <hkxhk> 8 50.396 24.406 279.339 4 9992651 
TP111157 <nnxnp> 8 NA 24.889 190.363 NA NA 
TP38343 <hkxhk> 8 54.914 25.337 271.914 4 11612106 
TP46250 <nnxnp> 8 NA 25.525 193.67 4 12341451 
TP12062 <nnxnp> 8 NA 26.117 239.797 NA NA 
TP15134 <nnxnp> 8 NA 26.506 248.419 4 49803476 




Table A3 (cont.) 
TP64270 <nnxnp> 8 NA 27.177 259.907 4 20737212 
TP10721 <nnxnp> 8 NA 27.816 199.596 NA NA 
TP31906 <hkxhk> 8 49.228 28.482 317.926 NA NA 
TP24227 <nnxnp> 8 NA 28.774 227.819 4 49318834 
TP109776 <nnxnp> 8 NA 29.603 310.716 NA NA 
TP10421 <hkxhk> 8 46.574 30.932 328.481 4 54064803 
TP15537 <nnxnp> 8 NA 31.306 340.529 4 54080494 
TP57309 <nnxnp> 8 NA 32.268 336.661 4 53773730 
TP54196 <hkxhk> 8 44.862 32.647 345.134 4 54826427 
TP57954 <nnxnp> 8 NA 33.315 366.969 4 54974789 
TP8400 <nnxnp> 8 NA 34.039 353.388 NA NA 
TP122257 <nnxnp> 8 NA 34.49 361.418 NA NA 
TP51107 <hkxhk> 8 37.298 35.181 429.215 4 63012615 
TP101856 <nnxnp> 8 NA 35.531 376.06 4 55760395 
TP15001 <nnxnp> 8 NA 35.956 398.736 4 56480024 
TP3118 <nnxnp> 8 NA 36.817 391.213 4 56658104 
TP5931 <nnxnp> 8 NA 37.335 385.064 NA NA 
TP89888 <nnxnp> 8 NA 37.649 414.038 4 56871789 
TP101892 <hkxhk> 8 38.958 37.848 418.384 NA NA 
TP19106 <nnxnp> 8 NA 38.264 438.387 4 63515183 
TP28068 <hkxhk> 8 32.957 38.847 480.101 NA NA 
TP67506 <nnxnp> 8 NA 39.055 406.71 4 63509473 
TP848 <nnxnp> 8 NA 39.708 486.539 NA NA 
TP26411 <hkxhk> 8 35.8 40.021 462.485 4 62376306 
TP16753 <nnxnp> 8 NA 40.326 423.234 NA NA 
TP105324 <nnxnp> 8 NA 40.928 446.443 4 62273146 
TP58630 <hkxhk> 8 33.817 41.115 498.329 4 61599237 
TP33360 <nnxnp> 8 NA 41.55 477.578 5 46245409 
TP112202 <nnxnp> 8 NA 42.029 455.864 4 61971584 
TP99748 <hkxhk> 8 32.128 42.437 507.694 4 61229163 
TP52180 <nnxnp> 8 NA 42.951 471.103 4 61520943 
TP92927 <hkxhk> 8 29.239 43.591 513.118 6 56215355 
TP93238 <nnxnp> 8 NA 43.909 504.02 4 61305566 
TP83848 <hkxhk> 8 27.939 44.476 516.17 4 60629424 
TP9079 <nnxnp> 8 NA 44.844 517.907 4 60829581 
TP109906 <nnxnp> 8 NA 45.395 526.152 4 60461221 
TP92731 <hkxhk> 8 28.484 45.941 536.478 NA NA 
TP125224 <nnxnp> 8 NA 46.604 521.787 NA NA 




Table A3 (cont.) 
TP8526 <nnxnp> 8 NA 47.414 529.374 NA NA 
TP107068 <hkxhk> 8 25.876 47.848 531.623 4 59865554 
TP88116 <nnxnp> 8 NA 48.363 542.378 9 44884019 
TP105581 <hkxhk> 8 23.936 48.671 577.08 4 59104031 
TP877 <hkxhk> 8 22.949 49.013 570.242 4 59013422 
TP65008 <hkxhk> 8 25.185 50.349 584.479 4 58866996 
TP20721 <nnxnp> 8 NA 50.875 592.576 NA NA 
TP11494 <hkxhk> 8 21.545 51.872 600.236 4 58596316 
TP122318 <nnxnp> 8 NA 52.107 628.791 4 58008710 
TP52505 <nnxnp> 8 NA 52.857 613.769 NA NA 
TP86175 <hkxhk> 8 19.968 53.035 625.133 4 58003453 
TP98841 <hkxhk> 8 15.765 53.878 634.38 NA NA 
TP7827 <nnxnp> 8 NA 54.503 643.052 NA NA 
TP100217 <hkxhk> 8 17.376 55.679 662.95 4 63771813 
TP87748 <nnxnp> 8 NA 56.166 689.376 4 64307093 
TP12699 <hkxhk> 8 16.52 56.605 652.209 NA NA 
TP45779 <hkxhk> 8 18.139 57.269 673.253 4 64094772 
TP115288 <nnxnp> 8 NA 57.456 695.647 4 64313784 
TP41425 <hkxhk> 8 13.983 58.45 692.831 NA NA 
TP42068 <nnxnp> 8 NA 59.033 700.732 NA NA 
TP115642 <hkxhk> 8 12.851 59.477 682.895 NA NA 
TP111259 <hkxhk> 8 11.643 61.046 729.544 NA NA 
TP88790 <nnxnp> 8 NA 61.64 716.15 4 65400765 
TP74167 <hkxhk> 8 10.44 62.223 711.968 4 65178295 
TP108475 <nnxnp> 8 NA 62.827 707.411 NA NA 
TP99997 <hkxhk> 8 8.329 63.3 719.688 4 65407645 
X196 <hkxhk> 8 7.833 63.704 748.287 4 65210644 
TP25151 <nnxnp> 8 NA 64.033 734.438 4 65679099 
TP114429 <hkxhk> 8 9.374 64.489 737.298 NA NA 
TP316 <nnxnp> 8 NA 65.136 747.679 NA NA 
TP37950 <hkxhk> 8 7.057 65.731 742.705 4 65682351 
TP110502 <hkxhk> 8 5.055 66.984 754.271 4 65966465 
X187 <hkxhk> 8 4.319 67.376 773.888 NA NA 
TP53496 <nnxnp> 8 NA 67.566 765.205 NA NA 
TP110258 <hkxhk> 8 5.996 67.916 759.972 4 66249529 
TP118400 <hkxhk> 8 2.921 69.013 767.222 NA NA 
TP70342 <nnxnp> 8 NA 69.804 790.073 4 66860542 
TP12848 <hkxhk> 8 3.778 70.38 775.983 4 67135879 




Table A3 (cont.) 
TP89535 <nnxnp> 8 NA 71.346 785.281 4 67376464 
TP63484 <nnxnp> 8 NA 72.362 798.092 4 66537429 
TP82569 <hkxhk> 8 0 73.529 802.872 4 66470400 
TP104725 <nnxnp> 8 NA 74.174 812.781 4 66510076 
X157 <nnxnp> 8 NA 76.392 794.105 4 67352063 
TP62471 <hkxhk> 9 71.169 0 40.769 5 1329166 
TP73017 <nnxnp> 9 NA 2.767 74.474 5 1737134 
TP95624 <nnxnp> 9 NA 4.552 57.036 NA NA 
TP4585 <nnxnp> 9 NA 6.025 46.835 NA NA 
TP91917 <hkxhk> 9 63.188 7.337 61.984 5 1329210 
TP31571 <nnxnp> 9 NA 8.741 52.932 NA NA 
TP48976 <hkxhk> 9 57.902 11.091 85.965 NA NA 
TP54141 <nnxnp> 9 NA 13.655 119.388 4 7165673 
TP96583 <hkxhk> 9 50.356 14.991 113.474 9 12277971 
TP75311 <nnxnp> 9 NA 15.659 124.034 5 2267856 
TP76843 <nnxnp> 9 NA 17.739 126.964 NA NA 
TP3954 <nnxnp> 9 NA 19.649 130.86 5 2650538 
TP106593 <nnxnp> 9 NA 22.036 139.027 NA NA 
TP14416 <nnxnp> 9 NA 23.521 135.004 NA NA 
TP51570 <nnxnp> 9 NA 23.867 142.439 NA NA 
TP90369 <nnxnp> 9 NA 24.383 136.095 5 3343843 
TP106199 <nnxnp> 9 NA 26.446 147.621 NA NA 
TP37895 <nnxnp> 9 NA 27.847 179.668 5 5820162 
TP84318 <nnxnp> 9 NA 28.474 152.309 1 2428396 
TP69716 <nnxnp> 9 NA 29.283 160.36 8 4704286 
TP97107 <nnxnp> 9 NA 30.114 156.215 NA NA 
TP3178 <nnxnp> 9 NA 30.89 162.833 NA NA 
TP62462 <nnxnp> 9 NA 31.486 174.41 NA NA 
TP115703 <nnxnp> 9 NA 32.098 168.822 5 5686329 
TP80328 <nnxnp> 9 NA 32.54 164.822 5 5373507 
TP92514 <nnxnp> 9 NA 32.799 166.686 NA NA 
TP38397 <nnxnp> 9 NA 33.185 171.28 NA NA 
TP52778 <nnxnp> 9 NA 33.936 186.16 5 7153993 
TP94186 <nnxnp> 9 NA 34.387 220.805 NA NA 
TP67816 <nnxnp> 9 NA 34.887 246.621 NA NA 
TP29994 <nnxnp> 9 NA 35.669 226.217 NA NA 
TP101327 <nnxnp> 9 NA 36.31 214.868 NA NA 
TP8508 <nnxnp> 9 NA 36.72 193.764 NA NA 




Table A3 (cont.) 
TP70746 <nnxnp> 9 NA 37.227 207.451 5 8252848 
TP77585 <nnxnp> 9 NA 37.586 209.461 NA NA 
TP44690 <nnxnp> 9 NA 37.832 211.456 1 6548460 
TP98262 <nnxnp> 9 NA 38.234 201.225 NA NA 
TP87411 <nnxnp> 9 NA 38.448 204.519 7 62707410 
X411 <nnxnp> 9 NA 38.512 197.909 5 8108879 
TP97790 <nnxnp> 9 NA 38.875 197.909 5 8617010 
TP33716 <nnxnp> 9 NA 39.335 230.261 NA NA 
TP60596 <nnxnp> 9 NA 39.612 236.009 NA NA 
TP120011 <nnxnp> 9 NA 39.811 233.429 5 9753820 
TP68981 <nnxnp> 9 NA 40.184 241.965 5 9838028 
TP270 <nnxnp> 9 NA 40.498 238.495 4 64874968 
TP91160 <nnxnp> 9 NA 40.983 252.178 NA NA 
TP15602 <nnxnp> 9 NA 41.425 256.144 5 11717354 
TP124931 <nnxnp> 9 NA 41.727 258.647 NA NA 
TP48546 <nnxnp> 9 NA 42.255 292.504 NA NA 
TP107636 <nnxnp> 9 NA 42.58 260.419 NA NA 
TP7087 <nnxnp> 9 NA 42.923 261.825 NA NA 
TP26126 <nnxnp> 9 NA 43.201 263.778 NA NA 
TP102148 <nnxnp> 9 NA 43.527 284.358 9 1451505 
TP90191 <nnxnp> 9 NA 43.781 285.9 NA NA 
TP76322 <nnxnp> 9 NA 43.98 281.896 NA NA 
TP15061 <nnxnp> 9 NA 44.098 280.127 5 15889875 
TP76006 <nnxnp> 9 NA 44.326 276.959 5 14430497 
TP48856 <nnxnp> 9 NA 44.627 272.68 NA NA 
TP103710 <nnxnp> 9 NA 44.938 269.962 NA NA 
TP8070 <nnxnp> 9 NA 45.145 267.183 5 25494308 
TP21034 <nnxnp> 9 NA 45.494 296.016 5 42711245 
TP15790 <nnxnp> 9 NA 45.834 306.493 5 43017729 
TP18541 <nnxnp> 9 NA 46.12 298.091 5 42371893 
TP55462 <nnxnp> 9 NA 46.318 300.396 5 42711751 
TP3059 <nnxnp> 9 NA 46.669 288.361 3 67750321 
TP80941 <nnxnp> 9 NA 47.057 303.326 5 44331026 
TP4298 <nnxnp> 9 NA 47.705 311.65 5 46525147 
TP29682 <nnxnp> 9 NA 48.092 313.416 NA NA 
TP78248 <nnxnp> 9 NA 48.442 309.074 NA NA 
TP34584 <nnxnp> 9 NA 49.148 316.11 NA NA 
TP11586 <nnxnp> 9 NA 49.558 320.256 5 48523710 




Table A3 (cont.) 
TP9788 <nnxnp> 9 NA 50.644 328.595 5 49498389 
TP58152 <nnxnp> 9 NA 51.262 332.25 NA NA 
TP115766 <nnxnp> 9 NA 52.288 335.419 5 49860710 
TP5125 <nnxnp> 9 NA 52.967 340.064 5 50331204 
TP99836 <nnxnp> 9 NA 53.797 344.479 5 51304231 
TP54269 <nnxnp> 9 NA 54.515 347.083 5 51032005 
TP86750 <nnxnp> 9 NA 55.015 351.236 5 52258775 
TP47639 <nnxnp> 9 NA 55.61 355.263 NA NA 
TP8641 <nnxnp> 9 NA 56.311 359.171 NA NA 
TP20195 <nnxnp> 9 NA 57.282 382.909 5 54388153 
TP29206 <nnxnp> 9 NA 57.91 385.371 5 53182554 
TP16947 <nnxnp> 9 NA 58.361 362.591 4 11265407 
TP76712 <nnxnp> 9 NA 58.694 366.418 NA NA 
TP29309 <nnxnp> 9 NA 58.943 380.216 NA NA 
TP112083 <nnxnp> 9 NA 59.304 399.766 5 53208221 
TP118405 <nnxnp> 9 NA 59.792 394.714 NA NA 
TP44558 <nnxnp> 9 NA 60.154 372.278 NA NA 
TP51856 <nnxnp> 9 NA 60.528 413.316 NA NA 
TP59289 <nnxnp> 9 NA 60.782 375.94 5 53190588 
TP106520 <nnxnp> 9 NA 61.379 369.553 5 55124219 
TP15424 <nnxnp> 9 NA 62.015 389.025 NA NA 
TP113821 <nnxnp> 9 NA 62.588 418.253 NA NA 
TP19474 <nnxnp> 9 NA 62.871 449.348 NA NA 
TP1489 <hkxhk> 9 26.279 63.223 408.311 NA NA 
TP64738 <nnxnp> 9 NA 63.5 422.484 NA NA 
TP51036 <nnxnp> 9 NA 63.985 432.558 5 56852240 
TP106852 <nnxnp> 9 NA 64.451 405.04 5 56941368 
TP78088 <nnxnp> 9 NA 65.132 444.62 NA NA 
TP72235 <nnxnp> 9 NA 65.622 438.977 5 57918172 
TP53195 <nnxnp> 9 NA 66.123 426.339 5 56685389 
TP27288 <hkxhk> 9 19.013 67.639 456.757 5 58963749 
TP54855 <nnxnp> 9 NA 67.9 454.848 NA NA 
TP18171 <nnxnp> 9 NA 68.994 461.997 NA NA 
TP118832 <nnxnp> 9 NA 70.621 525.09 NA NA 
TP28874 <hkxhk> 9 8.922 71.893 490.324 NA NA 
TP29024 <nnxnp> 9 NA 72.553 484.302 5 60043436 
X46 <nnxnp> 9 NA 73.108 502.31 5 61159244 
TP55523 <nnxnp> 9 NA 74.676 497.647 NA NA 




Table A3 (cont.) 
TP42624 <hkxhk> 9 0.894 77.017 506.534 3 3805912 
TP79286 <nnxnp> 10 NA 0 0 NA NA 
TP74459 <nnxnp> 10 NA 3.532 18.043 5 637031 
TP65474 <hkxhk> 10 2.059 5.475 35.883 NA NA 
TP96082 <nnxnp> 10 NA 7.264 24.189 NA NA 
TP4584 <nnxnp> 10 NA 9.428 10.166 NA NA 
TP54975 <hkxhk> 10 8.584 12.333 59.996 10 49366493 
TP13342 <nnxnp> 10 NA 13.444 44.413 5 1895724 
X309 <hkxhk> 10 12.048 15.137 50.848 5 2202238 
TP4939 <hkxhk> 10 14.095 16.817 52.311 NA NA 
TP54034 <nnxnp> 10 NA 17.157 54.213 1 7660041 
TP87554 <nnxnp> 10 NA 21.624 73.377 5 2652616 
TP40455 <nnxnp> 10 NA 26.858 89.144 5 5820267 
TP53760 <hkxhk> 10 28.473 27.692 98.454 NA NA 
TP69717 <nnxnp> 10 NA 29.532 115.251 8 4704284 
TP74387 <nnxnp> 10 NA 30.879 108.825 5 4981254 
TP76637 <hkxhk> 10 25.818 31.43 105.899 5 5686283 
TP103023 <nnxnp> 10 NA 32.853 122.082 NA NA 
TP93325 <nnxnp> 10 NA 34.17 127.708 NA NA 
TP13550 <nnxnp> 10 NA 36.226 131.916 1 63767069 
TP46538 <nnxnp> 10 NA 38.721 138.808 NA NA 
TP84898 <nnxnp> 10 NA 40.312 148.03 3 49294432 
TP100637 <hkxhk> 10 34.751 41.195 156.683 NA NA 
TP58261 <nnxnp> 10 NA 46.472 168.72 NA NA 
TP4741 <nnxnp> 10 NA 50.747 185.271 4 67226136 
TP60139 <hkxhk> 10 51.917 51.922 258.653 NA NA 
TP14359 <nnxnp> 10 NA 54.668 208.722 NA NA 
TP41422 <nnxnp> 10 NA 55.9 216.313 NA NA 
TP7038 <nnxnp> 10 NA 57.076 224.02 NA NA 
TP124371 <hkxhk> 10 44.283 58.593 198.356 5 52942948 
TP33282 <nnxnp> 10 NA 59.889 239.609 5 52136307 
TP70969 <hkxhk> 10 48.924 61.171 280.843 5 56461891 
TP27302 <nnxnp> 10 NA 61.901 265.023 5 53891216 
TP3812 <nnxnp> 10 NA 65.742 274.542 5 55579685 
TP15300 <nnxnp> 10 NA 68.134 291.115 NA NA 
TP16824 <nnxnp> 10 NA 70.504 312.115 NA NA 
TP71422 <nnxnp> 10 NA 71.861 299.89 NA NA 
TP78053 <nnxnp> 10 NA 73.958 306.434 9 54729767 




Table A3 (cont.) 
TP32989 <nnxnp> 10 NA 83.077 334.632 5 60213841 
TP65858 <nnxnp> 11 NA 0 14.533 4 7145982 
TP110571 <hkxhk> 11 3.578 0.453 44.175 NA NA 
TP57384 <nnxnp> 11 NA 1.149 124.698 6 2177365 
TP68863 <hkxhk> 11 8.925 1.828 56.834 6 38382205 
TP98716 <nnxnp> 11 NA 2.08 170.982 6 45299087 
TP62823 <hkxhk> 11 6.442 2.562 51.013 6 40821355 
TP72756 <nnxnp> 11 NA 3.103 62.507 6 30960859 
TP118029 <hkxhk> 11 12.539 3.415 4.91 6 1521975 
TP85263 <nnxnp> 11 NA 4.098 74.994 6 26680475 
TP90606 <hkxhk> 11 10.539 4.355 70.117 NA NA 
TP9499 <hkxhk> 11 11.127 4.889 20.064 NA NA 
TP49960 <nnxnp> 11 NA 5.092 28.54 NA NA 
TP27313 <hkxhk> 11 7.029 5.453 35.594 6 40069291 
TP121907 <nnxnp> 11 NA 5.729 119.783 NA NA 
TP4835 <nnxnp> 11 NA 6.17 115.487 6 37903176 
TP121649 <hkxhk> 11 4.93 6.446 95.548 NA NA 
TP78729 <hkxhk> 11 9.827 6.814 82.069 NA NA 
TP4753 <nnxnp> 11 NA 7.114 9.823 NA NA 
TP96585 <nnxnp> 11 NA 7.509 79.392 NA NA 
TP107453 <hkxhk> 11 8.487 7.638 89.152 8 7733381 
TP28407 <nnxnp> 11 NA 7.798 129.982 6 41427650 
TP22027 <nnxnp> 11 NA 8.242 67.224 NA NA 
TP112139 <hkxhk> 11 11.902 8.36 131.766 NA NA 
TP37036 <nnxnp> 11 NA 8.513 135.592 4 10574190 
TP40534 <nnxnp> 11 NA 8.894 111.859 6 25948247 
TP64699 <hkxhk> 11 7.46 9.212 105.905 NA NA 
TP58984 <nnxnp> 11 NA 9.696 142.01 NA NA 
TP121928 <hkxhk> 11 13.93 10.169 195.902 6 46998341 
TP90386 <nnxnp> 11 NA 10.442 148.749 6 46421652 
TP125850 <hkxhk> 11 14.499 10.823 200.627 NA NA 
TP81270 <nnxnp> 11 NA 11.129 156.474 6 46421588 
TP26654 <nnxnp> 11 NA 11.902 184.213 6 47452422 
TP18328 <hkxhk> 11 16.782 12.58 215.678 6 48307640 
TP119243 <hkxhk> 11 16.058 13.26 210.013 6 48147807 
TP50584 <nnxnp> 11 NA 13.736 262.268 NA NA 
TP16477 <nnxnp> 11 NA 14.352 245.532 NA NA 
TP16176 <nnxnp> 11 NA 14.829 236.305 6 48508786 




Table A3 (cont.) 
TP82316 <nnxnp> 11 NA 15.513 225.632 6 48702674 
TP122861 <nnxnp> 11 NA 16.406 256.132 6 49299075 
TP84707 <nnxnp> 11 NA 16.664 268.364 NA NA 
TP34583 <nnxnp> 11 NA 17.091 239.671 NA NA 
TP89885 <nnxnp> 11 NA 17.486 241.88 6 49323621 
TP33000 <nnxnp> 11 NA 18.182 251.316 6 49135553 
TP46813 <nnxnp> 11 NA 19.036 271.715 10 57161698 
TP97309 <hkxhk> 11 25.209 19.602 307.202 6 50681896 
TP50009 <nnxnp> 11 NA 19.895 286.589 6 50108394 
TP57449 <hkxhk> 11 24.031 20.984 292.758 6 50549344 
TP20046 <nnxnp> 11 NA 21.457 278.163 6 53957442 
TP4644 <nnxnp> 11 NA 22.291 313.142 NA NA 
TP51230 <hkxhk> 11 27.444 22.723 343.278 NA NA 
TP85834 <nnxnp> 11 NA 23.57 328.565 6 51284121 
TP74855 <hkxhk> 11 28.811 23.836 334.849 6 51205101 
TP12740 <hkxhk> 11 31.574 24.683 363.315 4 66127143 
TP24410 <nnxnp> 11 NA 25.161 321.154 6 51778130 
TP27277 <hkxhk> 11 29.843 25.69 397.213 NA NA 
TP117148 <nnxnp> 11 NA 25.998 349.116 NA NA 
TP78231 <hkxhk> 11 30.608 26.413 355.838 NA NA 
TP823 <nnxnp> 11 NA 27.027 390.519 NA NA 
TP56157 <hkxhk> 11 33.094 27.684 407.543 NA NA 
TP94055 <nnxnp> 11 NA 28.09 352.577 6 51961016 
TP92712 <nnxnp> 11 NA 28.403 414.448 6 52078132 
TP84237 <hkxhk> 11 34.179 28.795 378.697 6 52091799 
TP89290 <hkxhk> 11 34.8 29.529 383.416 NA NA 
TP79046 <nnxnp> 11 NA 30.62 437.317 6 52661686 
TP13651 <hkxhk> 11 36.531 31.246 426.85 6 52475943 
TP105380 <nnxnp> 11 NA 31.659 441.499 6 53172387 
TP104277 <hkxhk> 11 37.518 32.248 433.077 7 37849905 
TP11388 <nnxnp> 11 NA 32.941 450.505 6 52878651 
TP39960 <nnxnp> 11 NA 33.421 455.078 6 53566510 
TP42511 <hkxhk> 11 40.254 34.193 446.091 2 71605562 
TP40307 <nnxnp> 11 NA 35.491 474.454 NA NA 
TP50831 <hkxhk> 11 41.988 36.042 469.541 NA NA 
TP82455 <nnxnp> 11 NA 36.738 462.99 NA NA 
TP50687 <hkxhk> 11 44.386 38.166 492.004 6 54171735 
TP104186 <nnxnp> 11 NA 38.754 504.843 NA NA 




Table A3 (cont.) 
TP52144 <nnxnp> 11 NA 39.922 531.983 6 54573444 
TP91994 <hkxhk> 11 46.455 40.632 509.585 6 54253601 
TP32500 <nnxnp> 11 NA 41.486 528.057 NA NA 
TP115236 <nnxnp> 11 NA 42.097 536.445 6 54885087 
TP72597 <hkxhk> 11 48.457 42.317 521.904 NA NA 
TP65724 <nnxnp> 11 NA 42.967 539.295 6 54948014 
TP93974 <nnxnp> 11 NA 43.576 542.975 6 55201340 
TP82367 <hkxhk> 11 49.677 43.965 545.558 6 55095381 
TP90155 <nnxnp> 11 NA 44.742 516.183 6 54205397 
TP66571 <hkxhk> 11 52.042 45.891 563.789 6 55310044 
TP13284 <nnxnp> 11 NA 46.602 567.675 6 55606114 
TP29843 <nnxnp> 11 NA 48.337 572.554 NA NA 
TP29320 <hkxhk> 11 54.242 48.804 576.758 NA NA 
X99 <nnxnp> 11 NA 49.232 525.332 6 55296845 
X469 <nnxnp> 11 NA 49.794 NA NA NA 
TP34839 <nnxnp> 11 NA 50.691 581.741 6 56145368 
TP29424 <hkxhk> 11 57.816 52.174 588.632 NA NA 
X199 <nnxnp> 11 NA 52.276 588.081 6 56462968 
TP26782 <hkxhk> 11 62.185 54.055 595.66 NA NA 
X76 <hkxhk> 11 NA 56.365 NA 6 57253680 
TP119264 <nnxnp> 11 NA 57.587 612.978 6 57622514 
TP66716 <hkxhk> 11 61.552 58.052 607.546 6 57131870 
TP110656 <nnxnp> 11 NA 58.781 617.172 6 57585472 
TP87561 <nnxnp> 11 NA 59.423 620.025 NA NA 
TP88947 <nnxnp> 11 NA 60.444 639.817 6 58119195 
TP28963 <nnxnp> 11 NA 61.917 672.838 6 58309928 
TP31185 <hkxhk> 11 69.799 62.546 625.591 NA NA 
TP20928 <nnxnp> 11 NA 63.179 656.634 NA NA 
TP71988 <nnxnp> 11 NA 64.058 664.066 6 58413854 
TP97829 <nnxnp> 11 NA 64.829 677.881 6 58855270 
TP7436 <nnxnp> 11 NA 65.511 682.622 NA NA 
TP44178 <nnxnp> 11 NA 66.156 649.644 6 58810918 
TP112278 <nnxnp> 11 NA 66.923 689.147 NA NA 
TP74699 <nnxnp> 11 NA 68.209 694.321 6 59392957 
TP85136 <nnxnp> 11 NA 69.823 702.723 6 59779109 
TP22247 <nnxnp> 11 NA 70.721 708.104 6 60255011 
TP65969 <nnxnp> 11 NA 72.706 714.443 NA NA 
TP77171 <nnxnp> 11 NA 73.637 733.99 6 60988538 




Table A3 (cont.) 
TP33318 <nnxnp> 11 NA 75.08 720.122 NA NA 
TP14575 <nnxnp> 11 NA 75.959 764.708 6 61836151 
TP63864 <nnxnp> 11 NA 76.689 756.156 6 61816081 
TP50090 <nnxnp> 11 NA 77.835 727.607 6 60857779 
TP2851 <nnxnp> 11 NA 79.106 760.148 6 58364196 
TP84073 <nnxnp> 11 NA 80.901 748.724 6 61929463 
TP33107 <nnxnp> 11 NA 83.662 774.865 NA NA 
TP63705 <hkxhk> 12 72.558 0 56.816 6 2201431 
TP44274 <hkxhk> 12 75.641 1.705 95.098 NA NA 
TP33241 <hkxhk> 12 69.688 3.125 50.878 6 3510624 
X493 <hkxhk> 12 68.555 3.999 36.876 6 3509617 
TP46119 <hkxhk> 12 70.803 4.879 78.788 6 40193762 
TP36193 <hkxhk> 12 67.689 6.404 69.152 6 44557918 
X662 <nnxnp> 12 NA 7.325 64.011 8 7737343 
X137 <hkxhk> 12 66.092 7.799 109.644 6 49960123 
TP44331 <hkxhk> 12 80.649 8.64 26.34 6 1553658 
TP114670 <nnxnp> 12 NA 9.936 0 6 39528308 
TP74270 <hkxhk> 12 73.743 10.783 62.27 NA NA 
TP11162 <hkxhk> 12 60.023 12.108 163.98 6 47984679 
TP32985 <nnxnp> 12 NA 13.921 213.81 6 46044210 
TP118194 <hkxhk> 12 56.753 14.886 169.273 NA NA 
TP100012 <hkxhk> 12 48.725 20.039 202.728 NA NA 
TP116644 <nnxnp> 12 NA 21.242 291.697 6 53157084 
X87 <hkxhk> 12 51.644 22.163 227.886 6 49592234 
X601 <hkxhk> 12 44.189 22.73 227.587 6 49212265 
TP88434 <nnxnp> 12 NA 24.582 274.538 6 52842470 
TP95961 <nnxnp> 12 NA 26.577 311.698 6 53646802 
TP99866 <hkxhk> 12 25.291 27.627 267.989 6 52828050 
TP86821 <nnxnp> 12 NA 28.581 281.906 6 53268370 
X415 <hkxhk> 12 30.426 29.521 299.408 5 45152706 
TP103071 <nnxnp> 12 NA 30.175 240.652 6 53329547 
TP82360 <nnxnp> 12 NA 31.552 303.203 6 53961079 
TP9557 <hkxhk> 12 18.779 32.567 317.249 NA NA 
TP59737 <nnxnp> 12 NA 35.358 331.969 6 55152525 
TP65329 <nnxnp> 12 NA 36.212 349.987 6 55593033 
TP115850 <nnxnp> 12 NA 38.185 366.634 6 55184161 
TP55653 <nnxnp> 12 NA 39.534 373.416 6 55246040 
TP44195 <nnxnp> 12 NA 40.565 360.841 6 55168044 




Table A3 (cont.) 
X45 <nnxnp> 12 NA 42.61 385.46 6 55594981 
TP30194 <nnxnp> 12 NA 42.705 340.3 NA NA 
TP566 <nnxnp> 12 NA 44.258 387.728 NA NA 
TP90227 <nnxnp> 12 NA 46.186 395.162 6 56052544 
TP82830 <nnxnp> 12 NA 47.193 422.219 NA NA 
TP17821 <nnxnp> 12 NA 48.698 433.554 NA NA 
TP20977 <nnxnp> 12 NA 49.463 444.634 NA NA 
TP54399 <nnxnp> 12 NA 50.136 439.822 NA NA 
TP101421 <nnxnp> 12 NA 50.742 414.195 NA NA 
TP115524 <nnxnp> 12 NA 51.044 405.352 6 56158679 
TP79895 <nnxnp> 12 NA 52.61 463.077 6 56728310 
TP89474 <nnxnp> 12 NA 53.312 454.043 NA NA 
TP110230 <nnxnp> 12 NA 54.596 482.297 NA NA 
TP68190 <nnxnp> 12 NA 55.255 489.917 NA NA 
TP90177 <nnxnp> 12 NA 55.884 473.816 NA NA 
X55 <nnxnp> 12 NA 56.437 493.872 6 57160241 
TP49694 <nnxnp> 12 NA 58.612 561.003 6 57696622 
TP64863 <nnxnp> 12 NA 59.717 578.231 6 57930469 
TP74021 <nnxnp> 12 NA 60.351 587.462 NA NA 
TP61645 <nnxnp> 12 NA 61.228 596.237 6 58064321 
TP52003 <nnxnp> 12 NA 61.784 571.948 NA NA 
TP81438 <nnxnp> 12 NA 62.623 600.225 NA NA 
TP69498 <nnxnp> 12 NA 62.922 602.584 NA NA 
TP75494 <nnxnp> 12 NA 63.797 608.865 6 58460285 
TP75231 <nnxnp> 12 NA 64.725 534.995 6 59305048 
TP79694 <nnxnp> 12 NA 65.405 503.806 NA NA 
X594 <nnxnp> 12 NA 65.687 505.945 6 59145596 
TP74964 <nnxnp> 12 NA 66.405 620.306 6 59208299 
TP77443 <nnxnp> 12 NA 66.856 629.415 6 59415167 
TP112276 <nnxnp> 12 NA 67.51 516.883 6 59188999 
TP34854 <nnxnp> 12 NA 68.319 510.593 6 59263401 
TP21565 <nnxnp> 12 NA 69.432 525.112 6 59693386 
TP9048 <nnxnp> 12 NA 70.444 644.051 NA NA 
TP119963 <nnxnp> 12 NA 70.879 648.651 6 60104301 
TP82572 <nnxnp> 12 NA 71.42 637.755 NA NA 
TP69958 <nnxnp> 12 NA 72.159 545.449 6 59130009 
X143 <nnxnp> 12 NA 73.087 682.836 6 60362521 
TP61219 <nnxnp> 12 NA 74.097 654.59 6 60640621 




Table A3 (cont.) 
TP94336 <nnxnp> 12 NA 75.639 689.311 NA NA 
TP49992 <nnxnp> 12 NA 76.71 681.266 6 61348092 
TP9605 <nnxnp> 12 NA 77.853 673.607 9 1286945 
TP59203 <nnxnp> 12 NA 78.869 705.282 6 61375384 
X544 <nnxnp> 12 NA 79.734 NA 6 62202181 
TP2989 <nnxnp> 12 NA 80.361 732.44 6 60796725 
TP122129 <nnxnp> 12 NA 81.411 664.115 6 60826678 
TP82188 <nnxnp> 12 NA 82.374 697.183 6 61376055 
TP44805 <nnxnp> 12 NA 83.894 715.232 1 8610381 
TP34967 <nnxnp> 13 NA 0 17.565 NA NA 
TP76549 <nnxnp> 13 NA 2.2 11.237 7 70546 
TP27014 <nnxnp> 13 NA 3.513 13.628 7 414414 
TP64814 <nnxnp> 13 NA 4.648 0 5 60343266 
TP68078 <nnxnp> 13 NA 6.211 7.441 NA NA 
TP68826 <nnxnp> 13 NA 6.644 22.138 NA NA 
TP64574 <hkxhk> 13 1.025 6.94 29.347 7 1606816 
TP61741 <nnxnp> 13 NA 7.753 26.184 7 876783 
TP29217 <hkxhk> 13 3.551 8.083 5.61 7 1941761 
TP46769 <nnxnp> 13 NA 9.136 36.021 NA NA 
TP76505 <hkxhk> 13 4.923 9.696 56.868 NA NA 
TP56632 <nnxnp> 13 NA 10.105 44.164 7 2383749 
TP86037 <hkxhk> 13 7.538 10.764 62.446 NA NA 
TP13644 <hkxhk> 13 6.063 11.773 53.417 7 2176636 
TP43187 <nnxnp> 13 NA 12.72 78.35 7 2944810 
TP65036 <hkxhk> 13 12.331 13.757 83.737 7 2916760 
TP70187 <nnxnp> 13 NA 14.267 91.317 7 3903730 
TP31709 <hkxhk> 13 9.89 14.701 69.025 NA NA 
TP47980 <hkxhk> 13 11.041 15.609 74.002 NA NA 
TP81065 <nnxnp> 13 NA 16.007 97.391 7 4384285 
TP74335 <nnxnp> 13 NA 17.173 135.571 7 5342557 
TP79169 <hkxhk> 13 14.72 18.015 102.465 NA NA 
TP113336 <nnxnp> 13 NA 19.001 113.204 10 57993353 
TP119976 <nnxnp> 13 NA 19.583 121.743 7 5243624 
TP16077 <nnxnp> 13 NA 20.839 187.641 7 6561765 
TP53038 <nnxnp> 13 NA 21.697 150.198 7 6522248 
TP32428 <hkxhk> 13 18.79 22.12 164.473 7 6002703 
TP53314 <nnxnp> 13 NA 22.496 168.778 NA NA 
TP42478 <hkxhk> 13 19.737 23.007 173.3 NA NA 




Table A3 (cont.) 
TP105160 <nnxnp> 13 NA 23.693 156.978 NA NA 
TP40257 <hkxhk> 13 21.07 24.294 266.42 7 8773064 
TP53238 <nnxnp> 13 NA 24.681 260.378 NA NA 
TP82626 <nnxnp> 13 NA 25.169 280.361 7 6736332 
TP28405 <hkxhk> 13 22.263 25.696 284.446 1 7182894 
TP76647 <nnxnp> 13 NA 26.298 331.442 NA NA 
TP15118 <hkxhk> 13 24.153 26.532 276.871 7 47495693 
TP25823 <nnxnp> 13 NA 26.899 264.879 7 8553945 
TP54144 <hkxhk> 13 23.595 27.2 296.177 7 50325541 
TP98910 <nnxnp> 13 NA 27.473 255.511 7 16070341 
X247 <hkxhk> 13 26.82 27.801 232.86 3 55633219 
TP42643 <nnxnp> 13 NA 28.048 343.338 NA NA 
TP86365 <hkxhk> 13 24.793 28.225 212.083 1 4714648 
TP93012 <nnxnp> 13 NA 28.448 252.448 7 52984043 
TP68246 <nnxnp> 13 NA 28.77 303.73 7 12583430 
TP91267 <hkxhk> 13 26.658 28.995 326.095 NA NA 
TP6420 <nnxnp> 13 NA 29.198 271.23 NA NA 
TP57018 <nnxnp> 13 NA 29.486 248.156 1 6365439 
TP2921 <hkxhk> 13 27.251 29.641 345.271 7 51832244 
X105 <nnxnp> 13 NA 29.81 341.8 7 13309964 
TP70526 <nnxnp> 13 NA 30.033 319.118 NA NA 
TP118867 <nnxnp> 13 NA 30.328 237.198 NA NA 
TP20105 <hkxhk> 13 25.945 30.627 225.59 2 49726103 
TP2657 <nnxnp> 13 NA 30.906 242.331 NA NA 
TP121344 <nnxnp> 13 NA 31.269 217.531 NA NA 
TP70769 <nnxnp> 13 NA 31.788 205.059 7 8897161 
TP108695 <hkxhk> 13 29.247 32.319 337.787 NA NA 
TP56343 <nnxnp> 13 NA 32.853 311.938 7 52989403 
TP86046 <nnxnp> 13 NA 33.294 230.422 7 55221435 
TP122052 <nnxnp> 13 NA 33.811 350.776 NA NA 
TP38626 <hkxhk> 13 31.315 34.322 360.04 7 57078563 
TP109592 <nnxnp> 13 NA 35.618 387.601 NA NA 
TP46338 <hkxhk> 13 33.446 36.106 371.013 NA NA 
TP77993 <nnxnp> 13 NA 36.763 382.077 7 56695739 
TP93689 <hkxhk> 13 32.738 37.026 379.014 7 57363399 
TP42765 <nnxnp> 13 NA 37.863 375.473 1 7995736 
TP7088 <hkxhk> 13 36.557 38.698 401.527 NA NA 
TP38016 <hkxhk> 13 37.071 39.662 412.458 7 57616600 




Table A3 (cont.) 
TP11306 <hkxhk> 13 35.491 40.8 433.256 7 58025243 
TP123568 <nnxnp> 13 NA 41.505 395.166 7 57833578 
TP97150 <hkxhk> 13 39.459 42.056 443.026 NA NA 
TP6879 <nnxnp> 13 NA 42.414 436.85 7 58029870 
TP61657 <hkxhk> 13 38.341 42.792 451.01 7 58185257 
TP43603 <nnxnp> 13 NA 43.081 398.447 7 57565604 
TP87992 <hkxhk> 13 40.42 43.667 461.875 7 58591793 
TP15689 <nnxnp> 13 NA 44.236 426.502 7 57963043 
TP48416 <nnxnp> 13 NA 45.771 419.243 NA NA 
TP12853 <hkxhk> 13 45.107 48.381 487.418 7 60960931 
TP11556 <hkxhk> 13 46.14 49.749 509.017 7 61305036 
TP57728 <hkxhk> 13 50.327 51.135 501.247 7 61545104 
TP10570 <hkxhk> 13 48.874 52.307 494.326 NA NA 
TP53689 <hkxhk> 13 47.48 53.712 515.881 7 61309247 
TP69297 <nnxnp> 13 NA 55.558 525.59 7 61895323 
TP55497 <nnxnp> 13 NA 57.42 531.304 10 56724800 
TP97249 <hkxhk> 13 62.053 59.372 539.828 7 61790781 
TP96074 <hkxhk> 13 56.609 60.378 564.517 7 62428311 
TP30300 <nnxnp> 13 NA 61.642 570.904 7 62317994 
TP119538 <hkxhk> 13 60.819 64.001 576.764 1 3094360 
TP10437 <nnxnp> 13 NA 64.917 605.518 7 63010797 
TP8378 <nnxnp> 13 NA 66.24 611.628 7 63010784 
TP80556 <nnxnp> 13 NA 67.291 598.996 7 62993468 
TP29362 <nnxnp> 13 NA 68.651 591.965 7 63027912 
TP50035 <nnxnp> 13 NA 70.381 585.625 4 50093825 
TP113611 <nnxnp> 13 NA 74.457 622.737 NA NA 
TP18081 <nnxnp> 13 NA 76.578 634.289 7 64247605 
TP72333 <nnxnp> 13 NA 78.37 642.749 7 64137657 
TP80160 <nnxnp> 13 NA 80.72 651.992 7 64186425 
TP45746 <nnxnp> 14 NA 0 0 4 60983457 
TP20129 <hkxhk> 14 72.665 2.532 22.079 3 71533048 
TP97713 <nnxnp> 14 NA 4.55 15.324 NA NA 
TP56547 <hkxhk> 14 68.779 6.1 29.985 8 2032782 
TP39889 <nnxnp> 14 NA 6.533 8.368 8 670304 
TP76969 <hkxhk> 14 66.595 8.266 35.483 2 55331424 
TP21854 <hkxhk> 14 63.155 10.28 49.401 8 1813252 
TP15759 <hkxhk> 14 64.827 11.993 42.219 3 10685810 
TP66266 <nnxnp> 14 NA 13.632 75.855 8 2265583 




Table A3 (cont.) 
TP60126 <hkxhk> 14 59.439 16.208 71.254 8 2448029 
TP64052 <nnxnp> 14 NA 17.881 80.864 NA NA 
TP35057 <hkxhk> 14 57.586 18.288 82.786 8 2949637 
TP67750 <nnxnp> 14 NA 21.845 93.815 8 3948796 
TP61300 <hkxhk> 14 52.638 23.822 102.667 NA NA 
TP33900 <nnxnp> 14 NA 24.944 111.587 NA NA 
TP5818 <nnxnp> 14 NA 26.117 124.127 8 4757429 
TP122550 <nnxnp> 14 NA 27.722 139.708 NA NA 
TP118350 <hkxhk> 14 48.922 28.424 133.6 8 5400283 
TP7221 <hkxhk> 14 45.973 31.767 165.696 8 10833493 
TP100798 <nnxnp> 14 NA 33.483 156.858 8 11550529 
TP34580 <hkxhk> 14 41.429 33.675 175.528 8 26173910 
TP13380 <nnxnp> 14 NA 34.581 170.355 8 12088752 
TP9856 <hkxhk> 14 43.795 35.059 180.141 NA NA 
TP8536 <nnxnp> 14 NA 35.969 185.583 NA NA 
TP41144 <hkxhk> 14 40.458 36.038 150.527 NA NA 
TP52972 <nnxnp> 14 NA 36.888 161.107 8 11923823 
TP34422 <nnxnp> 14 NA 37.976 191.105 8 39559035 
TP34899 <nnxnp> 14 NA 39.201 195.278 NA NA 
TP49685 <hkxhk> 14 41.627 39.352 213.308 8 45698239 
TP33486 <nnxnp> 14 NA 40.529 199.458 NA NA 
TP50855 <hkxhk> 14 37.546 41.478 227.705 NA NA 
TP37595 <nnxnp> 14 NA 42.567 205.942 NA NA 
TP57910 <hkxhk> 14 36.395 42.927 220.433 2 59703001 
TP46009 <hkxhk> 14 31.896 46.004 261.17 8 49958931 
TP41567 <nnxnp> 14 NA 47.279 243.477 NA NA 
TP64289 <hkxhk> 14 30.292 47.849 269.5 NA NA 
TP61623 <nnxnp> 14 NA 48.419 256.833 NA NA 
X131 <nnxnp> 14 NA 48.473 262.616 NA NA 
TP69707 <hkxhk> 14 32.695 49.109 276.353 8 50219719 
TP70263 <nnxnp> 14 NA 52.357 300.546 NA NA 
TP10259 <nnxnp> 14 NA 53.45 295.223 NA NA 
TP1578 <nnxnp> 14 NA 54.65 287.901 8 50735258 
TP95029 <nnxnp> 14 NA 56.466 321.781 8 51726492 
TP3273 <nnxnp> 14 NA 57.958 309.889 8 51453000 
TP84970 <nnxnp> 14 NA 61.422 334.268 NA NA 
TP85796 <hkxhk> 14 13.352 63.941 356.219 8 54041821 
TP62090 <nnxnp> 14 NA 66.224 387.905 8 53865158 




Table A3 (cont.) 
X506 <hkxhk> 14 11.477 68.07 346.674 8 54748793 
TP61938 <nnxnp> 14 NA 69.612 401.456 NA NA 
TP41673 <hkxhk> 14 2.297 71.455 379.007 NA NA 
TP39501 <nnxnp> 14 NA 72.891 370.048 NA NA 
TP29170 <hkxhk> 14 5.261 74.203 373.489 8 55100685 
X50 <nnxnp> 15 NA 0 NA 8 33994953 
TP10760 <hkxhk> 15 NA 2.975 NA NA NA 
TP53279 <hkxhk> 15 NA 6.261 NA 2 60348397 
TP88339 <hkxhk> 15 NA 7.339 NA NA NA 
TP96669 <hkxhk> 15 NA 8.979 NA 8 47512649 
TP59958 <hkxhk> 15 NA 10.053 NA 8 6500830 
X104 <nnxnp> 15 NA 10.198 NA 8 7977535 
TP90088 <hkxhk> 15 NA 15.505 NA NA NA 
X592 <hkxhk> 15 NA 19.925 NA 8 7977658 
TP20329 <hkxhk> 15 NA 22.16 NA 1 9191434 
TP81898 <hkxhk> 15 NA 23.83 NA 2 3896337 
TP24781 <nnxnp> 15 NA 32.971 NA NA NA 
TP8261 <hkxhk> 15 NA 40.909 NA NA NA 
TP101332 <hkxhk> 15 NA 45.529 NA 8 2260546 
TP34214 <nnxnp> 16 NA 0 21.883 NA NA 
TP18674 <hkxhk> 16 0 0.415 24.918 1 387849 
TP103620 <nnxnp> 16 NA 1.366 2.618 1 745302 
TP88506 <hkxhk> 16 4.152 1.958 45.109 9 1239247 
TP53071 <nnxnp> 16 NA 2.419 10.925 1 1205575 
TP35570 <hkxhk> 16 5.578 2.731 17.301 1 1043810 
TP42646 <hkxhk> 16 7.59 3.929 37.679 NA NA 
TP75189 <nnxnp> 16 NA 4.61 32.04 9 1209046 
TP3679 <nnxnp> 16 NA 5.332 123.345 9 2243763 
X331 <nnxnp> 16 NA 5.796 51.118 9 1318926 
TP96200 <hkxhk> 16 6.75 5.814 51.121 9 914667 
TP42787 <nnxnp> 16 NA 6.416 90.537 9 1817713 
TP43552 <nnxnp> 16 NA 7.067 76.213 NA NA 
TP55638 <hkxhk> 16 9.42 7.582 116.986 9 2270700 
TP36095 <nnxnp> 16 NA 7.958 177.485 4 66539072 
TP35530 <hkxhk> 16 10.645 8.761 137.152 NA NA 
TP111881 <nnxnp> 16 NA 9.33 103.045 NA NA 
TP17504 <nnxnp> 16 NA 10.336 168.058 9 5579506 
TP18412 <hkxhk> 16 14.142 10.931 129.638 9 3514642 




Table A3 (cont.) 
TP19702 <nnxnp> 16 NA 11.966 110.925 9 3059983 
TP38151 <hkxhk> 16 16.028 12.173 147.05 NA NA 
TP15309 <hkxhk> 16 12.841 12.736 159.38 9 4283369 
TP95474 <nnxnp> 16 NA 13.164 190.939 9 4603472 
TP88846 <nnxnp> 16 NA 13.544 183.908 NA NA 
TP49260 <nnxnp> 16 NA 14.188 187.767 9 6110931 
X532 <nnxnp> 16 NA 14.745 129.62 9 2669340 
TP19091 <hkxhk> 16 18.106 14.944 172.186 1 70874401 
TP86363 <nnxnp> 16 NA 16.28 206.017 9 8363949 
TP86872 <nnxnp> 16 NA 16.871 224.172 NA NA 
TP97071 <hkxhk> 16 19.711 17.169 307.68 NA NA 
TP1904 <nnxnp> 16 NA 17.797 214.196 NA NA 
TP2282 <hkxhk> 16 20.856 18.28 196.08 3 17007273 
TP119050 <nnxnp> 16 NA 18.662 237.426 9 44660535 
TP52356 <hkxhk> 16 21.677 19.162 251.995 9 38365920 
TP42251 <nnxnp> 16 NA 19.566 247.481 9 42931024 
TP74629 <hkxhk> 16 23.917 19.955 219.185 9 7573704 
TP70855 <nnxnp> 16 NA 20.448 229.928 8 5692545 
TP44970 <hkxhk> 16 22.732 20.647 228.133 NA NA 
TP7399 <nnxnp> 16 NA 20.746 266.104 NA NA 
TP100338 <nnxnp> 16 NA 21.052 273.435 9 44512446 
TP81428 <hkxhk> 16 23.43 21.273 259.195 NA NA 
TP41687 <nnxnp> 16 NA 21.459 233.722 9 42899418 
TP106160 <nnxnp> 16 NA 21.743 232.17 9 42427925 
TP672 <hkxhk> 16 24.599 21.985 270.393 NA NA 
TP46238 <nnxnp> 16 NA 22.102 281.311 NA NA 
TP26555 <hkxhk> 16 25.006 22.43 242.706 9 49745201 
TP61423 <nnxnp> 16 NA 23.008 277.552 9 43012236 
TP120187 <hkxhk> 16 25.798 23.244 299.377 9 41348886 
TP47576 <hkxhk> 16 26.356 23.863 313.971 9 47146884 
TP118026 <nnxnp> 16 NA 24.162 323.912 NA NA 
TP69053 <hkxhk> 16 27.006 24.478 318.511 NA NA 
TP15723 <nnxnp> 16 NA 24.761 328.211 9 49065825 
TP124819 <hkxhk> 16 27.64 25.235 285.672 NA NA 
TP46365 <nnxnp> 16 NA 25.653 330.504 9 49017649 
TP90537 <hkxhk> 16 28.367 26.101 294.671 NA NA 
TP111661 <nnxnp> 16 NA 26.476 350.996 9 50216838 
TP12366 <hkxhk> 16 29.356 26.948 335.488 NA NA 




Table A3 (cont.) 
TP114286 <nnxnp> 16 NA 28.565 358.823 9 51266919 
TP10597 <hkxhk> 16 32.005 29.545 375.186 NA NA 
X496 <nnxnp> 16 NA 29.696 NA 9 50807789 
X329 <nnxnp> 16 NA 30.235 374.719 9 52399520 
X220 <hkxhk> 16 39.43 30.265 406.921 9 53272693 
TP38195 <hkxhk> 16 36.893 30.939 365.022 9 51684423 
TP107949 <nnxnp> 16 NA 31.062 419.722 NA NA 
TP26929 <hkxhk> 16 33.926 31.417 383.184 9 51838231 
TP9705 <nnxnp> 16 NA 31.931 445.094 9 52117758 
TP96260 <hkxhk> 16 35.831 32.149 432.109 9 51967286 
TP30420 <hkxhk> 16 34.517 32.56 392.035 NA NA 
TP6551 <hkxhk> 16 35.18 32.98 398.055 NA NA 
TP71736 <nnxnp> 16 NA 33.411 402.331 9 52884124 
TP57724 <hkxhk> 16 33.294 33.802 441.309 NA NA 
TP27994 <nnxnp> 16 NA 34.934 451.487 NA NA 
TP16445 <hkxhk> 16 38.585 35.268 414.875 9 53455999 
TP72496 <hkxhk> 16 37.529 36.209 424.694 9 52586435 
TP61859 <nnxnp> 16 NA 37.12 409.809 NA NA 
TP102848 <hkxhk> 16 41.294 38.91 492.345 9 53907108 
TP40913 <nnxnp> 16 NA 39.461 502.367 9 55371528 
TP37957 <nnxnp> 16 NA 40.482 459.915 9 54460210 
TP66522 <hkxhk> 16 42.66 40.847 483.247 NA NA 
TP53291 <nnxnp> 16 NA 41.335 467.931 NA NA 
TP14298 <nnxnp> 16 NA 42.025 508.827 NA NA 
X177 <nnxnp> 16 NA 42.617 528.858 10 48867712 
TP69923 <hkxhk> 16 44.737 42.708 512.674 9 55739481 
TP58709 <nnxnp> 16 NA 43.064 522.888 NA NA 
TP108242 <nnxnp> 16 NA 43.837 516.738 9 55718119 
TP4306 <nnxnp> 16 NA 44.649 463.342 9 54555904 
TP75538 <nnxnp> 16 NA 45.667 472.793 NA NA 
TP91748 <nnxnp> 16 NA 46.978 478.788 9 56302935 
TP3788 <hkxhk> 16 53.274 47.813 566.362 9 56794418 
TP85654 <hkxhk> 16 50.935 49.557 549.666 9 57073290 
TP41324 <hkxhk> 16 52.223 51.099 544.11 9 57219101 
TP122635 <nnxnp> 16 NA 51.763 573.065 NA NA 
TP93130 <hkxhk> 16 57.494 53.185 617.368 9 57219737 
TP53893 <nnxnp> 16 NA 53.676 621.69 9 57060035 
TP87005 <nnxnp> 16 NA 54.374 577.516 NA NA 




Table A3 (cont.) 
TP25610 <hkxhk> 16 58.732 56.879 608.791 9 57503377 
TP119266 <nnxnp> 16 NA 57.953 626.483 9 57510698 
TP3065 <hkxhk> 16 61.382 58.588 592.404 9 57812548 
TP100123 <nnxnp> 16 NA 59.734 631.098 9 57701498 
TP68828 <nnxnp> 16 NA 60.996 638.297 9 57513995 
X37 <nnxnp> 16 NA 64.008 645.818 9 59196167 
TP50616 <nnxnp> 16 NA 64.827 651.052 9 8552668 
TP51204 <nnxnp> 16 NA 68.956 661.46 NA NA 
TP99661 <hkxhk> 17 78.326 0 0 9 658466 
TP67776 <nnxnp> 17 NA 3.18 20.088 NA NA 
TP30962 <hkxhk> 17 71.577 4.018 9.352 9 1043306 
TP78989 <nnxnp> 17 NA 4.623 14.447 9 1207699 
TP67613 <nnxnp> 17 NA 5.848 41.484 NA NA 
X582 <hkxhk> 17 NA 6.093 NA NA NA 
X497 <hkxhk> 17 70.329 6.368 16.708 NA NA 
TP101209 <nnxnp> 17 NA 6.877 51.263 NA NA 
TP40139 <nnxnp> 17 NA 7.539 46.308 NA NA 
TP39402 <nnxnp> 17 NA 8.006 70.486 NA NA 
TP28040 <nnxnp> 17 NA 8.841 30.325 9 2255894 
TP18813 <nnxnp> 17 NA 9.52 33.36 9 2159080 
TP45641 <nnxnp> 17 NA 9.938 36.396 9 2159005 
TP96640 <hkxhk> 17 67.369 10.526 60.117 9 2164551 
TP3848 <nnxnp> 17 NA 11.096 26.482 NA NA 
TP45974 <nnxnp> 17 NA 11.686 64.061 9 2563980 
TP114037 <nnxnp> 17 NA 12.405 75.714 9 2731807 
TP89806 <nnxnp> 17 NA 12.747 97.725 9 3204814 
TP69952 <hkxhk> 17 73.923 13.28 54.709 NA NA 
TP11196 <nnxnp> 17 NA 13.611 86.591 NA NA 
TP6828 <nnxnp> 17 NA 14.299 79.994 9 3231326 
TP40595 <nnxnp> 17 NA 14.879 114.368 9 4430603 
TP68065 <nnxnp> 17 NA 15.45 123.522 3 56257307 
TP16986 <nnxnp> 17 NA 15.937 101.73 10 57968661 
TP38418 <nnxnp> 17 NA 16.624 105.242 NA NA 
TP88471 <nnxnp> 17 NA 17.218 132.227 NA NA 
TP100897 <nnxnp> 17 NA 17.841 143.762 3 57351354 
TP31197 <nnxnp> 17 NA 18.177 138.975 NA NA 
TP45030 <nnxnp> 17 NA 18.605 92.699 NA NA 
TP17723 <nnxnp> 17 NA 18.836 135.59 9 4354083 




Table A3 (cont.) 
TP108065 <nnxnp> 17 NA 19.483 118.861 10 48880673 
TP74982 <nnxnp> 17 NA 19.952 109.082 NA NA 
TP38325 <nnxnp> 17 NA 20.606 148.267 NA NA 
TP51871 <nnxnp> 17 NA 21.136 156.582 7 7722240 
TP34362 <nnxnp> 17 NA 21.761 163.358 NA NA 
TP64277 <nnxnp> 17 NA 22.064 160.342 NA NA 
TP94702 <nnxnp> 17 NA 22.383 151.28 NA NA 
X174 <nnxnp> 17 NA 22.614 164.444 4 60492701 
TP29815 <nnxnp> 17 NA 22.801 153.81 9 5321312 
TP111794 <nnxnp> 17 NA 23.141 166.582 NA NA 
TP15427 <nnxnp> 17 NA 23.294 168.867 9 5912416 
TP108892 <nnxnp> 17 NA 23.678 222.48 NA NA 
TP13591 <nnxnp> 17 NA 23.994 214.402 NA NA 
TP103797 <nnxnp> 17 NA 24.457 178.67 9 14743761 
TP53020 <nnxnp> 17 NA 24.705 209.349 NA NA 
TP13817 <nnxnp> 17 NA 25.01 205.677 NA NA 
TP91451 <nnxnp> 17 NA 25.177 203.31 9 7599165 
TP55296 <nnxnp> 17 NA 25.367 218.627 9 6804654 
TP52355 <nnxnp> 17 NA 25.658 171.876 NA NA 
TP58222 <nnxnp> 17 NA 25.961 175.008 NA NA 
TP33917 <nnxnp> 17 NA 26.267 281.289 9 11977261 
TP30368 <nnxnp> 17 NA 26.659 226.472 9 48924906 
TP46355 <nnxnp> 17 NA 26.802 198.715 9 49017700 
TP61630 <nnxnp> 17 NA 26.931 279.324 2 58198442 
TP123692 <nnxnp> 17 NA 27.068 246.153 9 49652048 
TP42150 <nnxnp> 17 NA 27.461 239.295 NA NA 
TP115159 <nnxnp> 17 NA 27.584 241.585 1 149851 
X327 <nnxnp> 17 NA 27.658 197.441 9 48738773 
TP63420 <nnxnp> 17 NA 27.964 200.896 9 46424340 
TP57303 <nnxnp> 17 NA 28.231 235.424 9 48534176 
TP10889 <nnxnp> 17 NA 28.538 243.869 NA NA 
TP25673 <nnxnp> 17 NA 28.861 260.371 9 45848268 
TP25659 <nnxnp> 17 NA 29.212 248.201 NA NA 
TP103701 <nnxnp> 17 NA 29.567 256.941 NA NA 
TP29513 <nnxnp> 17 NA 29.941 289.513 9 42985136 
TP47726 <nnxnp> 17 NA 30.436 294.035 NA NA 
TP109531 <nnxnp> 17 NA 30.729 284.963 9 46496892 
TP31253 <nnxnp> 17 NA 31.076 275.666 9 47301242 




Table A3 (cont.) 
TP70300 <nnxnp> 17 NA 31.807 183.158 NA NA 
TP59361 <nnxnp> 17 NA 32.177 299.602 NA NA 
TP39763 <nnxnp> 17 NA 32.67 230.897 9 49854438 
TP39527 <nnxnp> 17 NA 33.3 264.517 9 50298933 
TP100805 <nnxnp> 17 NA 33.543 189.669 9 6679118 
TP40548 <nnxnp> 17 NA 34.195 252.168 NA NA 
TP85033 <nnxnp> 17 NA 34.757 305.039 NA NA 
TP6091 <hkxhk> 17 57.896 35.565 317.803 9 51371121 
TP57286 <nnxnp> 17 NA 36.15 269.025 NA NA 
TP121332 <hkxhk> 17 56.437 37.195 330.494 9 51747518 
TP66282 <nnxnp> 17 NA 37.779 311.366 1 13524858 
TP57965 <hkxhk> 17 54.789 38.935 340.005 3 73615662 
TP2671 <nnxnp> 17 NA 39.612 324.622 9 51704052 
TP121176 <hkxhk> 17 52.27 40.398 361.885 NA NA 
TP2708 <hkxhk> 17 51.418 41.261 366.94 NA NA 
TP13568 <nnxnp> 17 NA 41.562 379.492 NA NA 
TP97982 <hkxhk> 17 50.514 42.207 372.234 NA NA 
TP85570 <hkxhk> 17 53.935 43.032 355.684 9 53105682 
TP33899 <nnxnp> 17 NA 43.749 386.247 9 53298140 
TP81552 <nnxnp> 17 NA 44.941 404.179 NA NA 
TP51988 <hkxhk> 17 47.724 45.623 399.525 NA NA 
TP82684 <nnxnp> 17 NA 46.064 392.19 NA NA 
TP69211 <hkxhk> 17 46.839 46.629 411.327 9 53971562 
X635 <hkxhk> 17 48.611 47.413 381.469 9 53798708 
TP111832 <hkxhk> 17 45.511 48.223 417.515 NA NA 
TP45656 <nnxnp> 17 NA 48.589 407.912 9 53821719 
TP101384 <hkxhk> 17 44.539 49.45 441.782 NA NA 
TP122710 <hkxhk> 17 42.895 51.265 432.488 NA NA 
TP98285 <nnxnp> 17 NA 51.864 451.28 9 54928659 
TP77149 <hkxhk> 17 41.378 52.332 425.529 9 54763630 
TP65423 <hkxhk> 17 37.72 55.102 462.126 9 55390114 
TP62130 <hkxhk> 17 37.032 57.134 471.516 9 55433298 
TP67020 <hkxhk> 17 31.133 59.617 485.233 9 56329578 
TP112104 <nnxnp> 17 NA 61.235 502.039 NA NA 
TP118562 <nnxnp> 17 NA 63.221 512.882 9 57055831 
TP115051 <nnxnp> 17 NA 65.134 528.348 2 58685399 
TP60890 <nnxnp> 17 NA 66.899 521.856 9 57166978 
TP50400 <hkxhk> 17 11.925 73.753 557.426 NA NA 




Table A3 (cont.) 
TP59137 <hkxhk> 17 14.954 77.831 548.809 NA NA 
TP62064 <nnxnp> 17 NA 78.96 566.396 9 59474160 
TP103369 <nnxnp> 17 NA 81.093 574.662 NA NA 
TP37677 <hkxhk> 17 6.257 83.487 569.123 NA NA 
X92 <hkxhk> 18 4.937 0 30.359 10 658457 
TP116668 <nnxnp> 18 NA 2.329 24.002 10 371537 
TP31396 <hkxhk> 18 8.326 3.341 74.953 NA NA 
TP58130 <hkxhk> 18 11.77 6.118 65.035 10 1677080 
TP19199 <hkxhk> 18 13.062 7.6 47.663 10 1608530 
TP56078 <hkxhk> 18 16.336 10.162 83.43 NA NA 
TP36939 <hkxhk> 18 18 11.603 88.481 10 2179121 
TP110894 <hkxhk> 18 15.216 13.289 96.854 NA NA 
TP108791 <hkxhk> 18 19.937 14.694 103.191 10 2538269 
TP31388 <hkxhk> 18 23.423 16.992 121.26 NA NA 
TP37729 <hkxhk> 18 22.31 18.191 109.338 NA NA 
TP108478 <hkxhk> 18 25.489 19.84 127.672 10 3134937 
TP68808 <hkxhk> 18 27.058 21.668 141.891 10 3593270 
TP3109 <nnxnp> 18 NA 22.47 356.942 10 7528842 
TP57706 <hkxhk> 18 29.195 23.714 160.29 10 4445426 
TP53003 <nnxnp> 18 NA 24.837 168.62 10 4671514 
TP17189 <hkxhk> 18 30.744 25.404 151.393 10 4907492 
TP103441 <nnxnp> 18 NA 25.916 172.038 NA NA 
TP21167 <hkxhk> 18 32.591 26.938 164.995 NA NA 
TP60952 <nnxnp> 18 NA 28.199 219.51 10 14347689 
TP71770 <nnxnp> 18 NA 29.084 175.222 10 5941593 
TP45119 <nnxnp> 18 NA 29.619 178.949 10 6913053 
TP16422 <nnxnp> 18 NA 30.156 341.292 NA NA 
TP26770 <hkxhk> 18 36.321 30.601 182.149 NA NA 
TP50484 <nnxnp> 18 NA 31.202 241.812 10 7157413 
TP33039 <nnxnp> 18 NA 31.815 373.227 NA NA 
TP50539 <nnxnp> 18 NA 32.411 253.557 10 7004844 
TP42891 <nnxnp> 18 NA 32.918 201.729 NA NA 
TP20258 <nnxnp> 18 NA 33.287 192.887 NA NA 
TP91842 <hkxhk> 18 41.187 33.537 264.518 10 9605996 
TP31013 <nnxnp> 18 NA 33.928 334.779 2 67783807 
TP88715 <nnxnp> 18 NA 34.297 277.501 10 8660371 
TP105773 <hkxhk> 18 42.291 34.586 272.212 NA NA 
TP111846 <nnxnp> 18 NA 34.869 269.231 NA NA 




Table A3 (cont.) 
TP39442 <nnxnp> 18 NA 35.97 297.619 NA NA 
TP10850 <hkxhk> 18 43.31 36.407 288.601 10 11895318 
TP24535 <nnxnp> 18 NA 36.722 386.435 1 52819331 
X217 <nnxnp> 18 NA 36.884 388.179 10 20423246 
TP20286 <hkxhk> 18 43.847 36.954 230.769 NA NA 
TP71717 <nnxnp> 18 NA 37.262 320.268 NA NA 
TP85797 <nnxnp> 18 NA 37.653 326.526 1 59599422 
TP17631 <nnxnp> 18 NA 38.326 313.46 NA NA 
TP12644 <nnxnp> 18 NA 38.946 304.981 10 50151435 
TP124712 <hkxhk> 18 55.294 39.682 391.54 10 51258208 
TP21882 <nnxnp> 18 NA 40.023 421.16 NA NA 
TP12871 <nnxnp> 18 NA 41.234 453.351 NA NA 
TP119075 <nnxnp> 18 NA 41.591 393.798 NA NA 
TP55115 <hkxhk> 18 53.046 41.923 405.744 5 2629749 
TP108666 <nnxnp> 18 NA 42.202 425.602 NA NA 
TP45803 <hkxhk> 18 47.607 42.583 447.163 10 52921788 
TP80256 <nnxnp> 18 NA 43.077 430.043 NA NA 
TP48196 <hkxhk> 18 47.864 43.742 456.905 10 53557100 
TP21374 <hkxhk> 18 49.146 44.224 441.138 10 52854169 
TP6984 <nnxnp> 18 NA 44.792 399.236 NA NA 
TP61012 <hkxhk> 18 49.896 45.316 490.419 10 54749560 
TP89052 <nnxnp> 18 NA 45.868 462.47 10 54701351 
TP65457 <nnxnp> 18 NA 46.501 486 10 53999236 
TP71800 <hkxhk> 18 52.01 46.887 497.413 10 55113396 
TP26541 <nnxnp> 18 NA 47.482 468.179 NA NA 
TP7883 <hkxhk> 18 50.576 47.618 476.74 NA NA 
TP62326 <nnxnp> 18 NA 48.15 436.344 10 53189370 
TP6831 <hkxhk> 18 54.715 48.843 416.05 10 51654068 
TP10903 <nnxnp> 18 NA 49.392 519.203 NA NA 
TP99844 <nnxnp> 18 NA 50.81 507.083 10 54777605 
TP84787 <nnxnp> 18 NA 52.973 528.674 10 56605555 
TP13979 <nnxnp> 18 NA 54.393 537.204 10 56789694 
TP54051 <nnxnp> 18 NA 55.537 548.281 NA NA 
TP122835 <nnxnp> 18 NA 56.548 542.892 10 56950156 
TP62974 <hkxhk> 18 65.85 59.257 567.003 10 58077066 
TP83276 <nnxnp> 18 NA 60.585 558.115 NA NA 
TP98147 <hkxhk> 18 67.694 61.911 615.276 10 58678111 
TP41130 <nnxnp> 18 NA 62.516 623.909 10 58343075 




Table A3 (cont.) 
TP70587 <hkxhk> 18 63.761 65.12 576.884 3 3167377 
TP12793 <nnxnp> 18 NA 66.235 585.209 NA NA 
TP29340 <nnxnp> 18 NA 70.283 595.307 10 58538438 
X341 <nnxnp> 18 NA 73.536 642.669 10 60084282 
TP82465 <hkxhk> 18 75.983 74.005 647.713 10 60820028 
TP86027 <nnxnp> 18 NA 76.252 637.454 10 60024282 
TP8663 <nnxnp> 18 NA 80.692 657.23 10 60615682 
TP115211 <nnxnp> 19 NA 0 167.999 NA NA 
TP118684 <nnxnp> 19 NA 4.961 185.053 10 69463 
TP113436 <hkxhk> 19 74.414 5.809 156.279 10 1509464 
TP17190 <nnxnp> 19 NA 6.27 179.83 NA NA 
TP742 <nnxnp> 19 NA 7.491 190.978 10 1116895 
TP83172 <nnxnp> 19 NA 10.773 201.931 10 1694062 
TP118281 <nnxnp> 19 NA 12.648 138.986 10 1862546 
TP21720 <hkxhk> 19 69.262 13.142 16.756 NA NA 
TP86273 <nnxnp> 19 NA 15.425 211.75 NA NA 
TP94863 <nnxnp> 19 NA 17.674 114.565 10 2705982 
TP3382 <nnxnp> 19 NA 18.307 91.398 NA NA 
TP1336 <hkxhk> 19 56.537 20.039 223.486 10 3209383 
TP40500 <nnxnp> 19 NA 20.603 234.473 10 3176967 
X311 <hkxhk> 19 53.431 21.249 227.202 10 3193258 
TP69434 <nnxnp> 19 NA 22.681 282.97 10 4436408 
TP64460 <nnxnp> 19 NA 24.428 40.219 10 5542551 
TP120677 <nnxnp> 19 NA 25.182 51.81 NA NA 
TP74230 <nnxnp> 19 NA 25.801 69.201 NA NA 
TP13180 <nnxnp> 19 NA 26.455 247.102 10 4747461 
TP96659 <hkxhk> 19 43.675 26.831 276.408 10 4748474 
TP13181 <hkxhk> 19 47.387 27.136 250.226 8 746872 
TP27112 <nnxnp> 19 NA 27.617 261.698 NA NA 
TP72258 <nnxnp> 19 NA 28.612 292.712 10 6190892 
TP97327 <hkxhk> 19 NA 29.124 NA 10 5602181 
X355 <nnxnp> 19 NA 29.274 NA 10 5972378 
TP11385 <nnxnp> 19 NA 29.851 298.666 10 6205953 
TP2966 <nnxnp> 19 NA 30.42 23.976 NA NA 
TP41313 <nnxnp> 19 NA 30.764 317.633 NA NA 
TP124221 <hkxhk> 19 NA 31.122 NA 10 5683628 
TP44375 <nnxnp> 19 NA 31.501 327.516 NA NA 
TP9952 <hkxhk> 19 38.292 31.689 337.568 NA NA 




Table A3 (cont.) 
TP49161 <nnxnp> 19 NA 32.976 0 10 8758439 
X165 <nnxnp> 19 NA 33.484 341.024 10 7176784 
TP42892 <nnxnp> 19 NA 33.884 304.877 10 7948412 
TP43639 <hkxhk> 19 36.529 33.989 310.23 1 8378320 
TP53150 <nnxnp> 19 NA 34.169 359.475 2 59780017 
TP123468 <hkxhk> 19 NA 34.567 NA NA NA 
TP54776 <nnxnp> 19 NA 35.015 367.078 10 8758106 
TP55504 <nnxnp> 19 NA 35.343 13.327 10 8959092 
TP103764 <hkxhk> 19 NA 35.436 NA 10 6732701 
TP966 <nnxnp> 19 NA 35.623 8.908 10 8741289 
TP26072 <nnxnp> 19 NA 36.268 373.879 NA NA 
TP11432 <nnxnp> 19 NA 36.571 379.189 10 10086144 
TP22888 <nnxnp> 19 NA 37.097 385.84 NA NA 
TP35386 <nnxnp> 19 NA 37.666 394.354 NA NA 
TP39432 <nnxnp> 19 NA 38.11 445.148 NA NA 
TP77370 <nnxnp> 19 NA 38.396 439.444 10 13835723 
TP45204 <nnxnp> 19 NA 38.839 407.708 10 17949112 
TP59844 <nnxnp> 19 NA 39.17 435.22 NA NA 
TP55679 <nnxnp> 19 NA 39.591 419.922 10 46065337 
TP42352 <nnxnp> 19 NA 40.102 427.68 3 59562118 
TP115052 <nnxnp> 19 NA 40.406 430.719 10 47940230 
TP98914 <hkxhk> 19 28.897 40.574 414.472 8 30545127 
TP92143 <nnxnp> 19 NA 40.815 423.954 NA NA 
TP113777 <nnxnp> 19 NA 41.202 401.523 NA NA 
X598 <nnxnp> 19 NA 41.483 432.615 NA NA 
TP104434 <nnxnp> 19 NA 41.825 505.027 NA NA 
TP113114 <nnxnp> 19 NA 42.124 476.012 NA NA 
TP30755 <nnxnp> 19 NA 42.742 480.048 10 50006194 
TP97012 <hkxhk> 19 26.754 42.974 454.674 NA NA 
TP67385 <hkxhk> 19 31.99 43.232 502.031 10 50521165 
TP13120 <nnxnp> 19 NA 43.636 498.544 NA NA 
TP110401 <nnxnp> 19 NA 44.202 484.078 1 3176653 
TP32348 <hkxhk> 19 31.114 44.692 470.027 NA NA 
TP51996 <nnxnp> 19 NA 44.962 493.183 10 52241335 
TP50353 <nnxnp> 19 NA 45.621 487.745 10 52007698 
TP119574 <nnxnp> 19 NA 47.088 510.448 10 53323467 
TP81771 <nnxnp> 19 NA 47.856 543.97 10 53742329 
TP30808 <hkxhk> 19 23.102 48.807 516.705 10 52930679 




Table A3 (cont.) 
TP69065 <hkxhk> 19 19.268 50.073 551.773 10 54687633 
TP100297 <nnxnp> 19 NA 50.904 558.698 NA NA 
TP58368 <nnxnp> 19 NA 51.518 563.698 NA NA 
TP39562 <nnxnp> 19 NA 51.973 554.711 NA NA 
TP64552 <nnxnp> 19 NA 52.367 572.352 10 55376838 
TP86052 <nnxnp> 19 NA 53.248 567.893 10 55416227 
TP39670 <nnxnp> 19 NA 53.635 579.444 NA NA 
TP95911 <nnxnp> 19 NA 54.198 581.591 10 55876423 
TP49025 <nnxnp> 19 NA 54.971 576.546 NA NA 
TP45046 <nnxnp> 19 NA 55.852 589.437 10 56190966 
TP19858 <nnxnp> 19 NA 56.56 611.38 10 56429831 
TP48081 <nnxnp> 19 NA 56.905 600.533 10 56490706 
TP90918 <nnxnp> 19 NA 57.466 608.675 NA NA 
TP92680 <nnxnp> 19 NA 58.068 585.9 NA NA 
TP109708 <nnxnp> 19 NA 58.509 596.861 6 55650820 
TP12412 <nnxnp> 19 NA 59.034 593.043 10 56104503 
TP93913 <nnxnp> 19 NA 59.87 604.473 10 56663437 
TP70103 <nnxnp> 19 NA 60.907 614.76 NA NA 
TP15917 <nnxnp> 19 NA 61.559 628.163 10 57061514 
TP30990 <nnxnp> 19 NA 62.599 619.391 10 57393184 
TP99717 <hkxhk> 19 14.624 63.224 661.012 NA NA 
TP31433 <nnxnp> 19 NA 63.582 623.547 NA NA 
TP35539 <nnxnp> 19 NA 63.868 633.454 10 57294776 
TP39598 <nnxnp> 19 NA 64.795 648.251 10 58025499 
TP109360 <nnxnp> 19 NA 65.499 644.841 10 58015620 
X86 <nnxnp> 19 NA 65.789 648.251 10 57906816 
TP82440 <hkxhk> 19 12.194 66.508 666.833 10 58370618 
TP87062 <nnxnp> 19 NA 67.102 638.979 10 57621860 
TP981 <nnxnp> 19 NA 68.708 653.59 10 57771389 
TP45006 <hkxhk> 19 9.442 70.174 677.335 NA NA 
TP53969 <nnxnp> 19 NA 72.545 671.136 10 58683827 
TP63781 <hkxhk> 19 3.226 77.733 688.996 10 60079768 
TP103857 <lmxll> 1 0 NA 124.255 1 7531646 
TP53977 <lmxll> 1 1.395 NA 201.26 1 7608965 
TP26698 <lmxll> 1 3.255 NA 148.606 1 6972841 
TP94641 <lmxll> 1 5.99 NA 228.433 1 8027483 
TP120250 <lmxll> 1 7.787 NA 136.311 1 7355092 
TP30778 <lmxll> 1 9.451 NA 190.928 1 8373102 




Table A3 (cont.) 
TP54160 <lmxll> 1 12.036 NA 211.2 1 8986497 
TP91753 <lmxll> 1 13.035 NA 246.852 1 9113066 
TP101395 <lmxll> 1 14.203 NA 262.219 NA NA 
TP56885 <lmxll> 1 17.064 NA 283.104 1 11028539 
TP71906 <lmxll> 1 18.144 NA 289.211 NA NA 
TP96321 <lmxll> 1 19.413 NA 301.57 NA NA 
TP31922 <lmxll> 1 20.298 NA 296.967 1 11838724 
TP48070 <lmxll> 1 21.681 NA 293.281 1 11673198 
TP35916 <lmxll> 1 23.887 NA 315.378 1 12183348 
X483 <lmxll> 1 24.515 NA 306.4 2 13073677 
TP16433 <lmxll> 1 26.038 NA 329.323 2 69281722 
TP117620 <lmxll> 1 27.641 NA 350.978 NA NA 
TP38519 <lmxll> 1 28.234 NA 346.722 NA NA 
TP21054 <lmxll> 1 28.917 NA 358.419 NA NA 
TP5484 <lmxll> 1 29.508 NA 363.558 NA NA 
TP108539 <lmxll> 1 30.532 NA 355.532 NA NA 
TP53028 <lmxll> 1 31.32 NA 374.672 1 14927017 
TP107018 <lmxll> 1 32.088 NA 387.224 1 15187218 
TP3604 <lmxll> 1 32.926 NA 396.964 NA NA 
TP118627 <lmxll> 1 33.407 NA 393.458 1 14999407 
TP6624 <lmxll> 1 34.097 NA 467.564 1 17263707 
TP77507 <lmxll> 1 34.807 NA 413.081 NA NA 
TP67762 <lmxll> 1 35.499 NA 578.486 NA NA 
TP52922 <lmxll> 1 35.783 NA 405.719 1 15858917 
TP71674 <lmxll> 1 36.698 NA 426.802 1 16732425 
TP69628 <lmxll> 1 37.338 NA 420.694 1 16470982 
TP75226 <lmxll> 1 37.775 NA 447.701 NA NA 
TP4779 <lmxll> 1 38.224 NA 440.111 1 20084160 
TP88485 <lmxll> 1 38.763 NA 565.415 1 46098137 
TP34352 <lmxll> 1 39.458 NA 537.762 1 25514342 
TP84960 <lmxll> 1 39.888 NA 552.437 1 23314965 
TP84497 <lmxll> 1 40.173 NA 545.563 1 23162055 
TP81503 <lmxll> 1 40.406 NA 590.42 NA NA 
TP86231 <lmxll> 1 40.671 NA 513.454 1 48783583 
TP44744 <lmxll> 1 41.083 NA 520.238 1 20915723 
TP5146 <lmxll> 1 41.298 NA 529.787 1 66934352 
TP90809 <lmxll> 1 41.588 NA 460.087 1 22883568 
TP58760 <lmxll> 1 41.886 NA 435.459 1 19340888 




Table A3 (cont.) 
TP124685 <lmxll> 1 42.431 NA 493.02 1 50020560 
TP110541 <lmxll> 1 42.756 NA 504.598 1 46097302 
TP118174 <lmxll> 1 42.936 NA 673.545 NA NA 
TP95794 <lmxll> 1 43.131 NA 508.206 NA NA 
TP111656 <lmxll> 1 43.347 NA 600.589 NA NA 
TP17794 <lmxll> 1 43.622 NA 596.662 NA NA 
TP81309 <lmxll> 1 43.784 NA 557.952 NA NA 
TP84114 <lmxll> 1 44.137 NA 667.421 1 44970403 
TP78616 <lmxll> 1 44.335 NA 682.501 NA NA 
TP35721 <lmxll> 1 44.472 NA 678.173 1 51726812 
TP109945 <lmxll> 1 44.72 NA 737.356 NA NA 
TP10933 <lmxll> 1 45.071 NA 610.03 NA NA 
TP45210 <lmxll> 1 45.406 NA 652.316 NA NA 
TP14337 <lmxll> 1 45.652 NA 656.786 NA NA 
TP109339 <lmxll> 1 45.894 NA 647.686 1 54776152 
TP94875 <lmxll> 1 46.095 NA 496.456 1 51929402 
TP9540 <lmxll> 1 46.335 NA 743.21 1 52576331 
TP121314 <lmxll> 1 46.791 NA 487.974 6 27257943 
TP23041 <lmxll> 1 47.133 NA 661.339 1 52408883 
TP6050 <lmxll> 1 47.814 NA 747.305 1 56594186 
TP75784 <lmxll> 1 48.071 NA 752.991 1 56873619 
TP117866 <lmxll> 1 48.714 NA 631.149 1 53346683 
TP28993 <lmxll> 1 49.319 NA 640.346 1 54947726 
TP81969 <lmxll> 1 49.995 NA 691.16 2 71144835 
TP27368 <lmxll> 1 50.415 NA 478.76 NA NA 
TP115333 <lmxll> 1 50.741 NA 703.915 NA NA 
TP30912 <lmxll> 1 51.436 NA 713.35 3 52021574 
TP105246 <lmxll> 1 51.985 NA 759.168 NA NA 
TP47638 <lmxll> 1 52.618 NA 765.267 1 58100727 
TP81829 <lmxll> 1 53.498 NA 620.134 1 52409383 
TP50445 <lmxll> 1 55.272 NA 896.208 1 58792697 
TP112157 <lmxll> 1 56.685 NA 910.564 1 58986671 
TP13783 <lmxll> 1 57.357 NA 919.44 NA NA 
TP72090 <lmxll> 1 57.657 NA 879.341 8 3848486 
TP1640 <lmxll> 1 58.66 NA 783.69 1 60218969 
TP66483 <lmxll> 1 59.461 NA 930.02 5 58650064 
TP81670 <lmxll> 1 60.237 NA 775.553 1 60553796 
TP90907 <lmxll> 1 61.327 NA 801.166 1 61421743 




Table A3 (cont.) 
TP1435 <lmxll> 1 62.729 NA 949.354 NA NA 
TP91194 <lmxll> 1 63.437 NA 816.161 NA NA 
X130 <lmxll> 1 63.652 NA 816.161 NA NA 
TP73053 <lmxll> 1 64.144 NA 810.119 1 62744611 
TP31201 <lmxll> 1 64.85 NA 821.265 NA NA 
TP20624 <lmxll> 1 65.764 NA 826.203 NA NA 
TP33821 <lmxll> 1 67.339 NA 998.847 8 54004073 
TP111190 <lmxll> 1 68.382 NA 992.241 1 63923626 
TP59717 <lmxll> 1 68.958 NA 973.352 1 64581021 
TP39310 <lmxll> 1 70.042 NA 1004.556 10 5872615 
TP77763 <lmxll> 1 70.484 NA 985.864 1 65478530 
X633 <lmxll> 1 71.355 NA 1023.557 NA NA 
TP123368 <lmxll> 1 72.598 NA 1033.696 NA NA 
TP65702 <lmxll> 1 73.216 NA 1047.573 1 65926362 
TP65766 <lmxll> 1 74.434 NA 1061.266 6 42682912 
TP117175 <lmxll> 1 75.524 NA 1071.883 NA NA 
TP8747 <lmxll> 1 76.32 NA 1084.14 NA NA 
TP36794 <lmxll> 1 77.57 NA 1123.446 1 67346690 
TP31312 <lmxll> 1 78.975 NA 1128.902 1 67527666 
TP112746 <lmxll> 1 79.889 NA 1133.798 1 67886423 
TP97044 <lmxll> 1 80.576 NA 1147.594 1 68302235 
TP33046 <lmxll> 1 81.526 NA 1151.814 NA NA 
TP10629 <lmxll> 1 82.329 NA 1140.159 1 68595655 
TP24062 <lmxll> 1 83.397 NA 1157.086 NA NA 
TP5329 <lmxll> 1 85.202 NA 1193.448 1 69731658 
TP63496 <lmxll> 1 87 NA 1169.273 NA NA 
TP31334 <lmxll> 1 87.79 NA 1198.605 1 69403368 
X527 <lmxll> 1 89.353 NA 1189.906 1 70053618 
TP124512 <lmxll> 1 90.303 NA 1210.093 1 70240407 
TP9005 <lmxll> 1 91.097 NA 1213.095 1 70334249 
TP27815 <lmxll> 1 93.643 NA 1249.885 NA NA 
TP68905 <lmxll> 1 97.218 NA 1260.827 1 71474930 
TP57972 <lmxll> 1 98.546 NA 1286.074 NA NA 
TP41374 <lmxll> 1 100.07 NA 1303.042 NA NA 
TP52446 <lmxll> 1 101.146 NA 1267.451 9 2695325 
TP81402 <lmxll> 1 102.859 NA 1276.65 NA NA 
TP52517 <lmxll> 1 105.121 NA 1316.581 1 72712299 
TP79457 <lmxll> 1 106.893 NA 1321.024 1 72691148 




Table A3 (cont.) 
TP69756 <lmxll> 2 0 NA 117.815 1 13285069 
TP40880 <lmxll> 2 2.209 NA 128.78 1 13123736 
TP16432 <lmxll> 2 3.004 NA 132.88 NA NA 
TP43122 <lmxll> 2 3.993 NA 124.794 3 62464939 
TP47627 <lmxll> 2 5.297 NA 110.392 1 13845578 
TP67277 <lmxll> 2 6.728 NA 136.447 6 58870436 
TP34149 <lmxll> 2 8.801 NA 141.799 6 61047700 
TP22738 <lmxll> 2 10.405 NA 102.248 1 14409034 
TP88821 <lmxll> 2 11.277 NA 96.754 NA NA 
TP94624 <lmxll> 2 12.207 NA 145.758 1 15317082 
TP47619 <lmxll> 2 13.614 NA 87.851 NA NA 
TP121559 <lmxll> 2 15.157 NA 152.038 NA NA 
TP116764 <lmxll> 2 16.889 NA 59.078 1 17587459 
TP109894 <lmxll> 2 18.493 NA 71.366 1 17656522 
TP48427 <lmxll> 2 19.01 NA 66.95 NA NA 
TP17387 <lmxll> 2 20.281 NA 75.98 NA NA 
TP95914 <lmxll> 2 21.551 NA 160.063 1 17880205 
TP98480 <lmxll> 2 24.961 NA 171.162 1 19181816 
TP74397 <lmxll> 2 27.131 NA 194.788 NA NA 
TP111288 <lmxll> 2 29.237 NA 180.352 1 20264678 
TP37753 <lmxll> 2 30.059 NA 210.701 NA NA 
TP9927 <lmxll> 2 30.626 NA 176.462 1 20264617 
TP25649 <lmxll> 2 31.169 NA 201.712 NA NA 
TP43660 <lmxll> 2 31.718 NA 204.982 1 21198093 
TP88780 <lmxll> 2 32.652 NA 207.014 2 12226935 
TP122148 <lmxll> 2 33.381 NA 216.514 1 21499816 
TP110454 <lmxll> 2 34.212 NA 222.24 1 23117867 
TP104550 <lmxll> 2 35.009 NA 226.737 1 22320583 
TP61150 <lmxll> 2 35.352 NA 288.116 1 30798907 
TP74486 <lmxll> 2 36.271 NA 265.274 1 27863809 
TP23222 <lmxll> 2 36.685 NA 296.404 1 47240989 
TP57075 <lmxll> 2 37.089 NA 236.467 1 45788229 
TP99526 <lmxll> 2 37.497 NA 238.992 NA NA 
TP99812 <lmxll> 2 37.737 NA 241.516 1 44086265 
TP88296 <lmxll> 2 37.956 NA 263.063 NA NA 
TP82187 <lmxll> 2 38.252 NA 261.312 NA NA 
TP111657 <lmxll> 2 38.645 NA 243.816 NA NA 
TP44618 <lmxll> 2 39.059 NA 267.367 9 12725086 




Table A3 (cont.) 
TP87142 <lmxll> 2 39.589 NA 270.109 1 72370333 
TP46296 <lmxll> 2 39.981 NA 273.879 6 782035 
TP23664 <lmxll> 2 40.305 NA 277.406 3 3252564 
TP105602 <lmxll> 2 40.913 NA 232.673 1 27217045 
TP121270 <lmxll> 2 41.697 NA 312.226 1 50556310 
TP18236 <lmxll> 2 42.317 NA 252.081 NA NA 
TP101706 <lmxll> 2 42.816 NA 247.006 1 49904081 
TP31308 <lmxll> 2 43.673 NA 301.991 1 53199880 
TP52894 <lmxll> 2 43.955 NA 256.834 1 52576745 
TP88731 <lmxll> 2 44.547 NA 318.031 NA NA 
TP14126 <lmxll> 2 45.517 NA 324.029 1 54538009 
TP63249 <lmxll> 2 47.313 NA 335.366 3 2220060 
TP124668 <lmxll> 2 47.873 NA 330.278 NA NA 
TP22176 <lmxll> 2 48.718 NA 338.913 1 55592449 
TP47259 <lmxll> 2 49.829 NA 343.087 1 56665263 
TP78832 <lmxll> 2 50.97 NA 349.74 1 56918887 
X372 <lmxll> 2 51.092 NA 349.74 1 56428774 
TP90914 <lmxll> 2 52.218 NA 354.812 1 57389445 
TP36030 <lmxll> 2 53.233 NA 369.65 1 58027314 
TP88370 <lmxll> 2 53.867 NA 360.757 1 57955729 
TP48341 <lmxll> 2 54.586 NA 365.998 1 57990892 
TP52252 <lmxll> 2 56.255 NA 389.447 NA NA 
TP57535 <lmxll> 2 57.376 NA 374.844 5 7504311 
TP99553 <lmxll> 2 58.344 NA 396.493 1 59430705 
TP117506 <lmxll> 2 60.361 NA 382.236 1 59933860 
TP106425 <lmxll> 2 62.366 NA 404.743 1 60542228 
TP11580 <lmxll> 2 64.556 NA 412.268 1 61977153 
TP85751 <lmxll> 2 65.619 NA 416.347 1 61994058 
X209 <lmxll> 2 66.163 NA NA 2 77647679 
X97 <lmxll> 2 66.163 NA NA 1 64057697 
TP51820 <lmxll> 2 66.567 NA 428.278 1 62494780 
TP2972 <lmxll> 2 66.974 NA 419.443 1 61916881 
TP115280 <lmxll> 2 67.288 NA 423.53 1 62708826 
TP25271 <lmxll> 2 68.081 NA 433.35 1 72200509 
TP73510 <lmxll> 2 69.13 NA 437.755 NA NA 
TP75659 <lmxll> 2 70.002 NA 446.387 NA NA 
TP20657 <lmxll> 2 70.73 NA 459.919 1 64574950 
TP98620 <lmxll> 2 71.269 NA 441.499 NA NA 




Table A3 (cont.) 
TP28988 <lmxll> 2 72.519 NA 453.626 1 65045009 
TP8164 <lmxll> 2 74.037 NA 493.703 1 66516158 
TP122374 <lmxll> 2 74.509 NA 501.917 NA NA 
TP96859 <lmxll> 2 75.144 NA 487.226 1 65936250 
TP114546 <lmxll> 2 75.691 NA 473.908 1 65927145 
TP66207 <lmxll> 2 76.615 NA 479.832 NA NA 
TP77252 <lmxll> 2 77.66 NA 530.706 1 67503106 
TP91109 <lmxll> 2 78.57 NA 510.236 1 66625057 
TP50805 <lmxll> 2 79.723 NA 522.34 1 66860325 
TP48132 <lmxll> 2 81.537 NA 633.339 1 70588334 
TP73244 <lmxll> 2 82.282 NA 628.07 1 70577046 
TP90728 <lmxll> 2 83.044 NA 647.761 NA NA 
TP36012 <lmxll> 2 84.094 NA 639.537 4 65325809 
TP60786 <lmxll> 2 84.727 NA 618.125 1 71515731 
TP80947 <lmxll> 2 85.238 NA 621.625 1 71483690 
TP64327 <lmxll> 2 86.325 NA 541.71 1 71377497 
TP66288 <lmxll> 2 87.066 NA 592.927 NA NA 
TP46231 <lmxll> 2 87.952 NA 606.36 1 71744866 
TP52314 <lmxll> 2 88.658 NA 548.11 1 71665017 
TP65804 <lmxll> 2 89.682 NA 554.912 1 72371470 
TP73503 <lmxll> 2 90.312 NA 580.199 1 72201718 
TP82936 <lmxll> 2 91.12 NA 598.791 1 71879823 
TP51743 <lmxll> 2 91.934 NA 613.136 1 71566565 
TP86013 <lmxll> 2 92.735 NA 659.034 1 71024485 
TP50563 <lmxll> 2 93.603 NA 586.888 NA NA 
TP97785 <lmxll> 2 94.655 NA 566.867 1 72625633 
TP45917 <lmxll> 2 95.973 NA 560.411 2 76245712 
TP14576 <lmxll> 2 97.104 NA 572.927 1 73689894 
TP36204 <lmxll> 3 0 NA 1015.905 2 76935192 
TP7530 <lmxll> 3 3.34 NA 999.185 NA NA 
TP122938 <lmxll> 3 4.769 NA 1002.218 NA NA 
TP52458 <lmxll> 3 6.732 NA 1005.082 NA NA 
TP100718 <lmxll> 3 9.038 NA 984.6 2 76790781 
TP56148 <lmxll> 3 12.895 NA 963.005 NA NA 
TP92730 <lmxll> 3 14.355 NA 978.486 NA NA 
TP14787 <lmxll> 3 20.544 NA 940.594 NA NA 
TP72732 <lmxll> 3 22.931 NA 933.221 2 74590164 
TP121118 <lmxll> 3 24.211 NA 924.442 2 74756483 




Table A3 (cont.) 
TP11199 <lmxll> 3 26.708 NA 907.869 2 74074648 
TP81388 <lmxll> 3 27.823 NA 892.974 8 169409 
TP86222 <lmxll> 3 29.177 NA 879.343 10 6133914 
TP112543 <lmxll> 3 30.538 NA 886.15 NA NA 
TP44866 <lmxll> 3 33.372 NA 868.773 2 72898847 
TP48516 <lmxll> 3 34.885 NA 802.292 2 69968228 
TP27310 <lmxll> 3 35.798 NA 848.861 NA NA 
TP49019 <lmxll> 3 37.513 NA 858.692 NA NA 
TP70626 <lmxll> 3 38.667 NA 830.809 2 72331110 
TP51948 <lmxll> 3 40.125 NA 839.216 NA NA 
X298 <lmxll> 3 41.647 NA 760.107 2 68775145 
TP26813 <lmxll> 3 42.752 NA 773.448 2 69793589 
TP39776 <lmxll> 3 44.648 NA 744.394 2 68512471 
TP116438 <lmxll> 3 46.029 NA 731.528 2 68177003 
TP54908 <lmxll> 3 47.191 NA 725.379 2 68053901 
TP15916 <lmxll> 3 48.476 NA 643.79 NA NA 
TP73823 <lmxll> 3 51.974 NA 637.244 2 65727711 
TP29153 <lmxll> 3 52.306 NA 635.945 2 65787307 
TP122484 <lmxll> 3 53.081 NA 671.674 NA NA 
X347 <lmxll> 3 53.832 NA 618.609 NA NA 
TP60424 <lmxll> 3 54.312 NA 629.446 2 65184002 
TP28838 <lmxll> 3 55.342 NA 621.759 2 65438431 
TP85281 <lmxll> 3 56.282 NA 588.368 2 65280606 
TP82680 <lmxll> 3 57.067 NA 581.967 2 64774563 
TP44659 <lmxll> 3 57.975 NA 565.996 NA NA 
TP8778 <lmxll> 3 58.924 NA 558.278 2 63869140 
TP105250 <lmxll> 3 60.979 NA 553.347 2 63540083 
TP55711 <lmxll> 3 61.72 NA 526.258 NA NA 
TP18940 <lmxll> 3 62.843 NA 548.475 2 63095642 
TP16434 <lmxll> 3 63.448 NA 511.396 NA NA 
TP61524 <lmxll> 3 64.232 NA 504.546 2 61763955 
TP85988 <lmxll> 3 64.766 NA 475.505 2 62528965 
TP27517 <lmxll> 3 65.133 NA 509.214 NA NA 
TP56882 <lmxll> 3 65.562 NA 470.671 2 61720711 
TP94317 <lmxll> 3 65.857 NA 507.459 NA NA 
TP72003 <lmxll> 3 66.405 NA 464.715 2 61124296 
TP65524 <lmxll> 3 66.976 NA 457.987 2 61076151 
TP56019 <lmxll> 3 67.566 NA 445.689 2 61161317 




Table A3 (cont.) 
TP47777 <lmxll> 3 69.316 NA 202.468 2 14536576 
TP44003 <lmxll> 3 69.959 NA 291.802 NA NA 
TP111164 <lmxll> 3 70.365 NA 173.657 2 52055272 
TP83123 <lmxll> 3 70.635 NA 429.627 2 56016155 
TP28097 <lmxll> 3 70.858 NA 432.607 2 59036229 
TP38847 <lmxll> 3 71.06 NA 399.606 2 18596552 
X166 <lmxll> 3 71.065 NA 432.607 2 59003882 
TP17530 <lmxll> 3 71.31 NA 380.442 2 55673069 
TP20170 <lmxll> 3 71.369 NA 438.513 2 13666459 
TP27791 <lmxll> 3 71.636 NA 310.911 2 47012680 
TP40745 <lmxll> 3 71.931 NA 296.17 NA NA 
TP24530 <lmxll> 3 72.216 NA 303.285 2 58678618 
TP90206 <lmxll> 3 72.616 NA 440.857 NA NA 
TP4816 <lmxll> 3 72.842 NA 157.352 2 13790264 
TP63097 <lmxll> 3 73.368 NA 266.3 2 59800846 
TP78010 <lmxll> 3 74.099 NA 273.109 2 57606530 
X225 <lmxll> 3 74.275 NA 159.554 2 8732472 
TP49378 <lmxll> 3 74.759 NA 151.935 3 69721149 
TP113333 <lmxll> 3 75.092 NA 168.444 2 8155647 
TP54454 <lmxll> 3 75.472 NA 367.367 2 60098388 
TP5095 <lmxll> 3 75.814 NA 257.966 2 56986331 
TP98776 <lmxll> 3 76.47 NA 328.041 9 10809935 
TP39982 <lmxll> 3 77.037 NA 163.469 2 8232029 
TP65463 <lmxll> 3 77.62 NA 343.261 2 6946863 
TP44877 <lmxll> 3 78.166 NA 189.63 2 59170325 
TP29650 <lmxll> 3 79.654 NA 374.521 2 20576430 
TP121191 <lmxll> 3 80.437 NA 119.767 NA NA 
TP113791 <lmxll> 3 80.826 NA 336.486 2 6825936 
X256 <lmxll> 3 81.715 NA 121.892 2 3991673 
TP23554 <lmxll> 3 82.053 NA 54.715 2 4603836 
TP87830 <lmxll> 3 82.445 NA 50.557 NA NA 
TP18315 <lmxll> 3 83.542 NA 63.55 2 4782466 
TP111988 <lmxll> 3 84.374 NA 100.883 2 5328148 
TP79276 <lmxll> 3 87.39 NA 87.798 NA NA 
TP81640 <lmxll> 3 90.313 NA 76.267 2 615588 
TP11456 <lmxll> 4 0 NA 689.467 NA NA 
TP38875 <lmxll> 4 6.576 NA 654.736 1 44153520 
TP20664 <lmxll> 4 8.767 NA 663.247 NA NA 




Table A3 (cont.) 
TP24242 <lmxll> 4 12.222 NA 648.804 2 76292572 
TP33681 <lmxll> 4 13.304 NA 629.03 2 75758847 
TP78164 <lmxll> 4 15.301 NA 615.85 NA NA 
X271 <lmxll> 4 16.08 NA NA NA NA 
TP87617 <lmxll> 4 18.118 NA 600.811 NA NA 
TP102306 <lmxll> 4 20.89 NA 550.14 2 74189212 
TP23493 <lmxll> 4 22.963 NA 539.601 2 73084599 
TP115554 <lmxll> 4 24.977 NA 577.359 2 72899160 
X2 <lmxll> 4 25.84 NA 562.393 2 73079176 
TP32794 <lmxll> 4 26.286 NA 565.237 NA NA 
TP29718 <lmxll> 4 27.034 NA 533.445 NA NA 
TP38714 <lmxll> 4 28.113 NA 527.061 2 72466310 
TP109954 <lmxll> 4 28.839 NA 572.601 2 72401666 
TP17077 <lmxll> 4 29.235 NA 570.329 2 72243325 
TP7963 <lmxll> 4 30.659 NA 516.445 2 71643971 
TP105442 <lmxll> 4 31.618 NA 509.599 2 71670864 
TP50785 <lmxll> 4 32.3 NA 479.373 2 70982556 
TP80180 <lmxll> 4 33.168 NA 482.734 NA NA 
TP65500 <lmxll> 4 33.785 NA 502.911 NA NA 
TP96028 <lmxll> 4 34.644 NA 489.144 2 70688596 
TP65830 <lmxll> 4 35.803 NA 470.344 2 70687679 
TP83811 <lmxll> 4 36.672 NA 475.051 NA NA 
TP113542 <lmxll> 4 37.228 NA 493.331 2 70110576 
TP83927 <lmxll> 4 38.105 NA 458.537 2 69992044 
TP88358 <lmxll> 4 39.302 NA 446.804 NA NA 
TP83936 <lmxll> 4 40.173 NA 421.422 2 69053555 
TP117503 <lmxll> 4 40.77 NA 416.754 2 69234389 
TP45563 <lmxll> 4 42.395 NA 409.716 2 68852332 
TP67635 <lmxll> 4 43.348 NA 404.142 NA NA 
TP107688 <lmxll> 4 44.563 NA 400.31 NA NA 
TP31175 <lmxll> 4 46.112 NA 388.12 2 67680830 
X185 <lmxll> 4 46.619 NA 381.991 2 67072885 
TP43275 <lmxll> 4 47.742 NA 380.644 2 66824166 
TP52482 <lmxll> 4 48.559 NA 395.54 NA NA 
TP67349 <lmxll> 4 49.442 NA 374.915 NA NA 
TP49845 <lmxll> 4 50.075 NA 283.207 NA NA 
TP73385 <lmxll> 4 50.869 NA 369.662 2 65949134 
TP54751 <lmxll> 4 51.48 NA 299.571 2 65747415 




Table A3 (cont.) 
TP23684 <lmxll> 4 52.382 NA 364.597 2 65426953 
X28 <lmxll> 4 52.751 NA 376.957 2 66101587 
TP4287 <lmxll> 4 53.033 NA 294.902 2 64667708 
TP61130 <lmxll> 4 53.78 NA 317.199 NA NA 
TP22912 <lmxll> 4 54.233 NA 358.765 2 62951956 
TP53131 <lmxll> 4 54.443 NA 351.578 NA NA 
TP76824 <lmxll> 4 55.098 NA 304.233 2 63681933 
TP102230 <lmxll> 4 55.381 NA 291.39 2 64267499 
TP53590 <lmxll> 4 55.6 NA 276.145 2 64578348 
TP23809 <lmxll> 4 55.993 NA 278.678 2 64167192 
TP89452 <lmxll> 4 56.282 NA 272.632 2 63596763 
TP12203 <lmxll> 4 56.825 NA 308.535 2 63289756 
TP52426 <lmxll> 4 57.542 NA 268.364 3 4589747 
TP78599 <lmxll> 4 58.29 NA 355.285 2 62917404 
TP121936 <lmxll> 4 59.011 NA 200.366 2 50268650 
TP83785 <lmxll> 4 59.656 NA 260.555 2 61208038 
TP2312 <lmxll> 4 60.151 NA 345.021 2 61612826 
TP64655 <lmxll> 4 60.528 NA 230.539 7 56694639 
TP122729 <lmxll> 4 60.891 NA 253.811 5 41341175 
TP90263 <lmxll> 4 61.357 NA 264.348 2 61480063 
TP15772 <lmxll> 4 61.512 NA 250.033 2 61172701 
TP97965 <lmxll> 4 61.891 NA 241.616 2 60095652 
TP80465 <lmxll> 4 62.12 NA 243.605 2 61072119 
TP113249 <lmxll> 4 62.54 NA 226.031 2 59228494 
TP15929 <lmxll> 4 62.812 NA 247.14 2 60776656 
TP36565 <lmxll> 4 63.217 NA 234.054 3 3992927 
TP81117 <lmxll> 4 63.628 NA 237.691 NA NA 
X275 <lmxll> 4 63.876 NA 311.822 2 62336662 
TP82888 <lmxll> 4 64.29 NA 223.113 2 58685333 
TP66482 <lmxll> 4 64.73 NA 195.489 2 57500285 
TP104455 <lmxll> 4 65.133 NA 216.311 2 45162440 
TP2364 <lmxll> 4 65.457 NA 211.789 2 50029246 
TP92367 <lmxll> 4 65.714 NA 207.001 NA NA 
TP21088 <lmxll> 4 66.013 NA 191.624 2 47212732 
TP55694 <lmxll> 4 66.323 NA 187.477 2 20582946 
TP100613 <lmxll> 4 66.576 NA 141.73 2 55333783 
TP71994 <lmxll> 4 66.992 NA 219.836 NA NA 
TP19830 <lmxll> 4 67.286 NA 103.628 2 53975407 




Table A3 (cont.) 
TP117582 <lmxll> 4 67.972 NA 112.902 2 15769038 
TP30806 <lmxll> 4 68.196 NA 179.986 NA NA 
TP29118 <lmxll> 4 68.316 NA 145.328 2 9847880 
TP44378 <lmxll> 4 68.608 NA 133.137 NA NA 
TP92134 <lmxll> 4 68.749 NA 146.951 2 13668989 
TP75576 <lmxll> 4 68.94 NA 184.495 2 14324433 
TP120195 <lmxll> 4 69.062 NA 177.144 2 14684533 
TP85507 <lmxll> 4 69.285 NA 178.452 NA NA 
TP6278 <lmxll> 4 69.55 NA 182.206 2 14853776 
TP69922 <lmxll> 4 69.811 NA 148.452 2 9096149 
TP27149 <lmxll> 4 70.14 NA 156.846 NA NA 
TP69863 <lmxll> 4 70.479 NA 117.747 2 7796818 
TP49466 <lmxll> 4 70.723 NA 108.44 2 16657731 
TP68623 <lmxll> 4 71.14 NA 89.503 2 7865744 
TP89404 <lmxll> 4 71.343 NA 128.338 2 7287023 
TP50458 <lmxll> 4 71.436 NA 126.308 2 6789134 
TP109287 <lmxll> 4 71.82 NA 122.796 10 15091243 
TP99026 <lmxll> 4 72.174 NA 87.385 2 7965951 
TP29625 <lmxll> 4 72.354 NA 84.055 NA NA 
TP30899 <lmxll> 4 72.742 NA 173.947 2 13927142 
TP45066 <lmxll> 4 73.096 NA 152.597 2 10562530 
TP125885 <lmxll> 4 73.736 NA 79.147 NA NA 
TP11134 <lmxll> 4 74.491 NA 60.221 NA NA 
TP6902 <lmxll> 4 74.716 NA 56.739 2 5257809 
TP117254 <lmxll> 4 75.203 NA 168.026 2 13223261 
TP95351 <lmxll> 4 75.764 NA 162.112 NA NA 
TP86688 <lmxll> 4 76.88 NA 50.243 2 4023750 
TP80130 <lmxll> 4 77.562 NA 64.957 2 4719097 
TP8329 <lmxll> 4 77.807 NA 45.622 NA NA 
TP123012 <lmxll> 4 78.448 NA 95.8 2 7857666 
TP95572 <lmxll> 4 79.391 NA 336.89 2 56515872 
TP19259 <lmxll> 4 80.338 NA 326.833 NA NA 
TP80392 <lmxll> 4 81.023 NA 40.125 NA NA 
TP9034 <lmxll> 4 81.879 NA 33.827 2 1779982 
TP29388 <lmxll> 4 83.633 NA 18.695 NA NA 
TP101572 <lmxll> 4 86.892 NA 8.839 NA NA 
TP81639 <lmxll> 4 89.6 NA 0 2 615588 
TP59666 <lmxll> 5 0 NA 729.037 2 70926274 




Table A3 (cont.) 
TP29267 <lmxll> 5 4.283 NA 703.184 NA NA 
TP17402 <lmxll> 5 5.687 NA 724.106 3 67303896 
TP86626 <lmxll> 5 7.213 NA 688.192 NA NA 
TP47986 <lmxll> 5 8.442 NA 695.135 1 22392648 
TP41683 <lmxll> 5 9.956 NA 744.762 3 66536812 
TP33245 <lmxll> 5 14.554 NA 654.625 3 65066638 
TP3989 <lmxll> 5 16.218 NA 756.203 NA NA 
TP24285 <lmxll> 5 17.519 NA 649.578 3 65112106 
TP91834 <lmxll> 5 18.701 NA 645.354 3 64808043 
TP26754 <lmxll> 5 20.308 NA 766.144 3 63684208 
TP65995 <lmxll> 5 21.08 NA 795.899 NA NA 
TP23969 <lmxll> 5 22.362 NA 788.025 3 7413221 
TP71310 <lmxll> 5 23.922 NA 806.789 3 63743713 
TP32507 <lmxll> 5 24.981 NA 613.262 3 63174157 
TP123524 <lmxll> 5 25.899 NA 778.789 3 62979321 
TP84044 <lmxll> 5 26.994 NA 772.249 3 63098688 
X393 <lmxll> 5 30.711 NA 589.732 3 61682675 
TP45845 <lmxll> 5 31.542 NA 588.476 3 61507949 
TP121441 <lmxll> 5 33.218 NA 572.951 NA NA 
TP34910 <lmxll> 5 36.093 NA 563.302 3 60968907 
TP50886 <lmxll> 5 38.593 NA 543.883 3 60252455 
TP68305 <lmxll> 5 39.559 NA 535.447 3 59819172 
TP100860 <lmxll> 5 40.29 NA 528.676 6 59208268 
TP79349 <lmxll> 5 41.334 NA 429.71 3 51453767 
TP19315 <lmxll> 5 42.17 NA 438.798 3 56025583 
TP55785 <lmxll> 5 42.94 NA 522.446 NA NA 
TP44553 <lmxll> 5 43.254 NA 516.756 NA NA 
TP55770 <lmxll> 5 44.19 NA 373.564 3 54759326 
TP30886 <lmxll> 5 45.154 NA 360.988 3 50399009 
TP61515 <lmxll> 5 45.721 NA 499.975 3 56010790 
TP112059 <lmxll> 5 46.277 NA 443.592 3 53396403 
TP31804 <lmxll> 5 46.746 NA 392.704 3 54382804 
TP82557 <lmxll> 5 47.112 NA 328.241 3 11476585 
TP52480 <lmxll> 5 47.532 NA 388.83 3 54629958 
TP100301 <lmxll> 5 47.798 NA 494.043 3 55068651 
TP8009 <lmxll> 5 48.128 NA 403.175 NA NA 
TP30790 <lmxll> 5 48.713 NA 446.129 NA NA 
TP7257 <lmxll> 5 49.034 NA 456.098 3 52663638 




Table A3 (cont.) 
TP11200 <lmxll> 5 49.326 NA 464.191 NA NA 
TP24899 <lmxll> 5 49.707 NA 347.509 3 19698699 
TP16038 <lmxll> 5 50.041 NA 419.478 NA NA 
TP98538 <lmxll> 5 50.203 NA 471.514 NA NA 
TP65767 <lmxll> 5 50.525 NA 479.787 3 15473156 
TP121806 <lmxll> 5 50.876 NA 434.937 3 51484417 
TP116168 <lmxll> 5 51.14 NA 423.858 3 15352645 
TP86117 <lmxll> 5 51.683 NA 415.187 NA NA 
TP54392 <lmxll> 5 52.154 NA 354.155 NA NA 
TP81258 <lmxll> 5 53.26 NA 339.578 3 11626432 
TP75734 <lmxll> 5 53.753 NA 319.693 NA NA 
TP11886 <lmxll> 5 54.585 NA 313.395 NA NA 
TP57155 <lmxll> 5 55.215 NA 287.49 3 10047297 
TP27659 <lmxll> 5 55.861 NA 290.684 3 9752815 
TP96326 <lmxll> 5 56.521 NA 270.587 NA NA 
TP103876 <lmxll> 5 56.994 NA 296.077 3 9697407 
TP108132 <lmxll> 5 57.467 NA 280.893 NA NA 
TP84721 <lmxll> 5 58.37 NA 244.314 3 8446421 
TP81485 <lmxll> 5 58.828 NA 235.862 3 8842583 
TP19960 <lmxll> 5 59.245 NA 265.122 NA NA 
TP109948 <lmxll> 5 59.952 NA 305.371 NA NA 
TP36710 <lmxll> 5 60.713 NA 249.953 3 8423514 
TP115019 <lmxll> 5 61.908 NA 227.985 NA NA 
TP6876 <lmxll> 5 64.052 NA 198.29 3 4767179 
TP65838 <lmxll> 5 65.037 NA 179.076 3 5069629 
TP61589 <lmxll> 5 66.394 NA 12.504 3 3854632 
TP114974 <lmxll> 5 67.36 NA 159.07 3 3754301 
TP118409 <lmxll> 5 68.047 NA 153.828 NA NA 
TP15087 <lmxll> 5 68.915 NA 164.561 3 3147575 
TP85275 <lmxll> 5 69.729 NA 0 3 4829825 
TP56510 <lmxll> 5 71.368 NA 21.603 3 2793244 
TP87953 <lmxll> 5 72.167 NA 134.249 NA NA 
TP91042 <lmxll> 5 73.18 NA 144.171 3 2633894 
TP123001 <lmxll> 5 74.033 NA 139.504 3 2639081 
X310 <lmxll> 5 74.807 NA 93.556 3 637355 
TP70296 <lmxll> 5 75.746 NA 51.054 3 1850036 
TP103921 <lmxll> 5 76.363 NA 45.541 3 1903044 
TP26939 <lmxll> 5 77.095 NA 126.657 2 77779823 




Table A3 (cont.) 
TP83646 <lmxll> 5 79.755 NA 65.185 NA NA 
TP14281 <lmxll> 5 80.686 NA 78.184 3 558841 
TP64310 <lmxll> 5 81.25 NA 96.542 NA NA 
TP90858 <lmxll> 5 82.209 NA 88.845 3 309389 
TP101005 <lmxll> 5 82.507 NA 73.749 NA NA 
TP33883 <lmxll> 5 84.134 NA 83.546 3 657864 
TP45145 <lmxll> 5 85.833 NA 34.656 NA NA 
TP80936 <lmxll> 5 87.017 NA 111.511 NA NA 
TP27965 <lmxll> 6 2.473 NA 868.148 3 73271350 
TP56691 <lmxll> 6 4.158 NA 886.132 NA NA 
TP51735 <lmxll> 6 5.87 NA 888.406 6 54662950 
TP38301 <lmxll> 6 8.149 NA 841.488 3 72153622 
TP98227 <lmxll> 6 9.152 NA 851.843 3 72457432 
TP109193 <lmxll> 6 10.749 NA 828.971 NA NA 
TP33447 <lmxll> 6 11.479 NA 834.029 NA NA 
TP102602 <lmxll> 6 13.147 NA 819.078 3 71893512 
TP20373 <lmxll> 6 13.999 NA 810.718 3 71704162 
TP11836 <lmxll> 6 14.763 NA 806.215 3 71788679 
TP71530 <lmxll> 6 15.706 NA 796.244 3 71573117 
TP12816 <lmxll> 6 16.442 NA 801.39 3 71816044 
TP123375 <lmxll> 6 18.415 NA 759.092 3 71022076 
TP928 <lmxll> 6 19.355 NA 791.344 NA NA 
TP95369 <lmxll> 6 20.775 NA 779.267 NA NA 
TP24304 <lmxll> 6 22.114 NA 785.968 3 70880729 
X360 <lmxll> 6 24.301 NA 747.463 3 70432267 
TP102949 <lmxll> 6 25.527 NA 768.578 3 69936565 
TP16297 <lmxll> 6 27.023 NA 685.166 NA NA 
TP102517 <lmxll> 6 29.188 NA 742.003 3 68881890 
TP45374 <lmxll> 6 30.386 NA 737.448 3 67595913 
TP86017 <lmxll> 6 32.517 NA 727.061 3 65223471 
TP26973 <lmxll> 6 33.303 NA 699.118 NA NA 
TP79831 <lmxll> 6 34.087 NA 649.268 3 65771839 
TP79469 <lmxll> 6 35.165 NA 655.024 3 66132201 
TP34150 <lmxll> 6 37.765 NA 712.182 3 64263517 
TP27129 <lmxll> 6 38.524 NA 636.871 3 63637419 
TP116347 <lmxll> 6 39.325 NA 607.204 NA NA 
TP122332 <lmxll> 6 39.674 NA 603.226 3 63354563 
TP10235 <lmxll> 6 40.666 NA 719.648 3 63544237 




Table A3 (cont.) 
TP7135 <lmxll> 6 41.799 NA 599.246 3 62433998 
TP112041 <lmxll> 6 42.119 NA 716.192 3 64244360 
TP34021 <lmxll> 6 42.547 NA 707.958 3 63278522 
TP18803 <lmxll> 6 43.041 NA 596.309 3 62237854 
TP32856 <lmxll> 6 43.861 NA 588.072 NA NA 
TP43335 <lmxll> 6 44.657 NA 592.857 3 61858158 
TP121953 <lmxll> 6 44.832 NA 583.551 NA NA 
TP121484 <lmxll> 6 45.667 NA 580.776 NA NA 
TP85719 <lmxll> 6 46.49 NA 566.096 3 60726977 
TP77751 <lmxll> 6 46.729 NA 553.121 3 60906139 
TP86435 <lmxll> 6 47.088 NA 558.394 3 61007791 
TP75261 <lmxll> 6 47.781 NA 554.937 3 60642677 
TP89939 <lmxll> 6 48.031 NA 546.6 NA NA 
TP76140 <lmxll> 6 48.786 NA 396.153 3 51370392 
TP64578 <lmxll> 6 49.001 NA 562.704 4 62837338 
TP75306 <lmxll> 6 49.545 NA 457.551 3 13707578 
TP45920 <lmxll> 6 49.898 NA 356.404 3 51880856 
TP64828 <lmxll> 6 50.484 NA 484.154 2 70617321 
TP118688 <lmxll> 6 50.671 NA 429.094 NA NA 
TP16269 <lmxll> 6 50.964 NA 413.407 3 58392797 
TP107395 <lmxll> 6 51.275 NA 434.144 3 55691773 
TP73178 <lmxll> 6 51.509 NA 463.391 NA NA 
TP75903 <lmxll> 6 51.749 NA 421.407 3 51691446 
TP40632 <lmxll> 6 52.2 NA 350.916 2 19536726 
TP110931 <lmxll> 6 52.57 NA 425.125 3 57096187 
TP115519 <lmxll> 6 52.749 NA 437.319 NA NA 
TP99902 <lmxll> 6 53.177 NA 303.791 3 15463664 
TP55612 <lmxll> 6 53.316 NA 307.672 3 18259591 
TP97802 <lmxll> 6 53.465 NA 377.788 5 18998868 
TP82957 <lmxll> 6 53.626 NA 452.652 3 54423298 
TP67400 <lmxll> 6 53.838 NA 382.748 3 58844312 
TP63498 <lmxll> 6 53.941 NA 439.114 3 15473168 
TP109304 <lmxll> 6 54.16 NA 479.567 3 51170498 
TP72106 <lmxll> 6 54.313 NA 364.838 3 52366325 
TP22618 <lmxll> 6 54.554 NA 496 3 56025577 
TP13767 <lmxll> 6 54.731 NA 372.806 NA NA 
TP19748 <lmxll> 6 54.918 NA 489.57 3 17326112 
TP109389 <lmxll> 6 55.06 NA 441.854 NA NA 




Table A3 (cont.) 
TP117076 <lmxll> 6 55.505 NA 500.606 NA NA 
TP87339 <lmxll> 6 55.808 NA 361.901 3 53606185 
X57 <lmxll> 6 56.032 NA 465.464 3 58592304 
TP80774 <lmxll> 6 56.17 NA 312.571 3 56751863 
TP15604 <lmxll> 6 56.448 NA 345.135 3 12522657 
TP67377 <lmxll> 6 56.79 NA 319.756 NA NA 
TP87104 <lmxll> 6 57.243 NA 447.37 3 12159867 
TP7295 <lmxll> 6 57.621 NA 298.121 NA NA 
TP9897 <lmxll> 6 57.92 NA 341.449 NA NA 
TP59722 <lmxll> 6 58.292 NA 275.62 3 9428316 
TP52767 <lmxll> 6 58.666 NA 293.241 NA NA 
TP95694 <lmxll> 6 58.999 NA 470.223 NA NA 
TP68015 <lmxll> 6 59.368 NA 272.158 8 52022275 
TP21851 <lmxll> 6 59.633 NA 240.436 3 8528158 
TP49061 <lmxll> 6 60.124 NA 230.007 3 7732669 
TP80560 <lmxll> 6 60.336 NA 244.89 NA NA 
TP48487 <lmxll> 6 60.504 NA 235.903 NA NA 
TP86301 <lmxll> 6 60.779 NA 232.107 3 7457912 
TP100214 <lmxll> 6 61.149 NA 227.088 NA NA 
TP37070 <lmxll> 6 61.555 NA 279.574 NA NA 
TP40208 <lmxll> 6 62.144 NA 287.654 NA NA 
TP79853 <lmxll> 6 63.013 NA 217.99 NA NA 
TP74641 <lmxll> 6 63.805 NA 221.927 3 5696498 
TP119752 <lmxll> 6 64.378 NA 181.214 3 5121840 
TP46019 <lmxll> 6 64.71 NA 211.891 NA NA 
TP91824 <lmxll> 6 65.373 NA 186.998 3 4531567 
TP88519 <lmxll> 6 65.682 NA 127.699 NA NA 
TP69567 <lmxll> 6 66.141 NA 194.127 3 4522098 
TP92726 <lmxll> 6 66.495 NA 136.338 7 51062035 
TP80252 <lmxll> 6 66.878 NA 132.426 3 4211960 
TP75902 <lmxll> 6 67.435 NA 202.606 3 4959528 
TP6373 <lmxll> 6 68.096 NA 174.222 3 4469514 
TP74592 <lmxll> 6 68.481 NA 140.952 3 15399740 
TP1794 <lmxll> 6 69.361 NA 167.077 3 3430386 
TP1300 <lmxll> 6 69.809 NA 122.063 NA NA 
TP24864 <lmxll> 6 70.276 NA 151.549 NA NA 
TP74101 <lmxll> 6 70.637 NA 159.074 3 3301594 
TP45080 <lmxll> 6 71.11 NA 145.115 3 3035635 




Table A3 (cont.) 
TP72007 <lmxll> 6 72.636 NA 110.566 3 1431378 
TP105975 <lmxll> 6 73.228 NA 82.366 3 1724990 
TP84782 <lmxll> 6 73.934 NA 116.189 3 1442818 
TP67171 <lmxll> 6 75.029 NA 63.559 3 2234792 
X70 <lmxll> 6 75.675 NA 53.285 3 2045071 
TP41654 <lmxll> 6 76.182 NA 65.763 NA NA 
TP7296 <lmxll> 6 77.34 NA 73.56 NA NA 
TP34495 <lmxll> 6 78.507 NA 41.513 3 2651091 
TP66703 <lmxll> 6 81.198 NA 24.196 NA NA 
X388 <lmxll> 6 82.725 NA 15.234 3 406901 
TP75803 <lmxll> 6 83.687 NA 16.746 NA NA 
TP107399 <lmxll> 6 84.826 NA 19.387 3 701613 
TP42854 <lmxll> 7 0 NA 0 1 27677019 
TP105106 <lmxll> 7 2.92 NA 21.484 NA NA 
TP35943 <lmxll> 7 4.671 NA 7.164 4 90289 
TP1380 <lmxll> 7 6.224 NA 12.585 NA NA 
TP102012 <lmxll> 7 8.107 NA 30.345 10 7968028 
TP55390 <lmxll> 7 10.256 NA 38.354 4 1121672 
TP24036 <lmxll> 7 14.501 NA 49.692 NA NA 
TP125051 <lmxll> 7 16.039 NA 59.32 4 1881239 
TP81563 <lmxll> 7 17.01 NA 54.756 4 2010164 
TP65934 <lmxll> 7 18.903 NA 67.923 NA NA 
TP82610 <lmxll> 7 19.993 NA 74.38 NA NA 
TP99329 <lmxll> 7 21.188 NA 80.55 NA NA 
TP24413 <lmxll> 7 22.884 NA 86.689 4 2976104 
X62 <lmxll> 7 23.832 NA 96.095 NA NA 
TP117451 <lmxll> 7 24.98 NA 92.256 4 3621638 
TP13046 <lmxll> 7 26.303 NA 104.175 4 4121673 
TP120983 <lmxll> 7 28.625 NA 99.1 NA NA 
TP88585 <lmxll> 7 30.109 NA 111.653 4 4658764 
TP39330 <lmxll> 7 32.774 NA 117.208 4 4986606 
TP55175 <lmxll> 7 33.628 NA 138.067 4 5068374 
TP64168 <lmxll> 7 34.493 NA 127.92 4 5399727 
TP48387 <lmxll> 7 35.545 NA 135.137 NA NA 
TP53055 <lmxll> 7 36.806 NA 122.771 4 5088855 
TP94688 <lmxll> 7 38.407 NA 132.2 4 5473022 
TP45605 <lmxll> 7 39.745 NA 143.417 4 5673563 
TP109586 <lmxll> 7 40.895 NA 147.238 4 6061303 




Table A3 (cont.) 
TP41418 <lmxll> 7 42.809 NA 150.805 4 6456602 
TP120555 <lmxll> 7 46.127 NA 159.418 NA NA 
TP96403 <lmxll> 7 48.007 NA 166.778 4 7328017 
TP17213 <lmxll> 7 50.571 NA 171.009 4 9339969 
TP79161 <lmxll> 7 52.278 NA 177.447 4 10027765 
TP94894 <lmxll> 7 55.645 NA 187.464 4 12904717 
TP3016 <lmxll> 7 56.455 NA 183.589 NA NA 
TP103720 <lmxll> 7 57.892 NA 227.554 NA NA 
TP14905 <lmxll> 7 58.667 NA 215.333 4 14971223 
TP41064 <lmxll> 7 59.795 NA 200.244 4 16298511 
TP88563 <lmxll> 7 61.037 NA 208.236 3 15896717 
TP43154 <lmxll> 7 63.665 NA 255.269 7 863410 
TP12081 <lmxll> 7 64.753 NA 266.03 7 64266464 
TP21534 <lmxll> 7 65.87 NA 259.433 NA NA 
TP29196 <lmxll> 7 66.763 NA 249.141 7 64104278 
TP64459 <lmxll> 7 67.737 NA 271.171 NA NA 
X202 <lmxll> 7 68.321 NA 274.275 7 63329978 
TP71810 <lmxll> 7 68.867 NA 274.275 NA NA 
TP32288 <lmxll> 7 69.865 NA 416.005 7 57077472 
TP32929 <lmxll> 7 70.76 NA 282.909 7 62607692 
TP59114 <lmxll> 7 71.492 NA 285.561 NA NA 
TP79956 <lmxll> 7 72.083 NA 296.998 7 62615372 
TP122816 <lmxll> 7 72.664 NA 304.295 7 58279668 
X584 <lmxll> 7 72.906 NA 457.161 7 57312732 
TP55456 <lmxll> 7 73.625 NA 325.522 NA NA 
TP69769 <lmxll> 7 74.27 NA 289.336 7 58185257 
TP1785 <lmxll> 7 75.022 NA 293.242 7 62559793 
TP20089 <lmxll> 7 76.151 NA 352.685 7 62595596 
TP94722 <lmxll> 7 81.668 NA 475.822 4 63784817 
TP90140 <lmxll> 7 82.324 NA 481.287 4 57525688 
TP110019 <lmxll> 7 83.504 NA 490.904 4 63790465 
TP83358 <lmxll> 7 84.981 NA 498.41 NA NA 
X421 <lmxll> 7 85.788 NA 474.378 4 63977438 
TP34399 <lmxll> 7 86.501 NA 513.511 4 64563917 
TP99012 <lmxll> 7 87.236 NA 516.854 6 60320278 
TP54937 <lmxll> 7 87.87 NA 521.799 NA NA 
TP32330 <lmxll> 7 88.687 NA 506.956 NA NA 
TP29900 <lmxll> 7 90.133 NA 528.755 4 64563541 




Table A3 (cont.) 
TP81106 <lmxll> 7 92.057 NA 538.773 NA NA 
TP94514 <lmxll> 7 93.504 NA 555.81 4 65522691 
TP92075 <lmxll> 7 95.508 NA 545.894 4 65230639 
TP76062 <lmxll> 7 96.53 NA 561.034 NA NA 
X226 <lmxll> 7 97.973 NA 566.185 4 65842476 
TP19979 <lmxll> 7 99.485 NA 576.401 4 65997458 
TP110259 <lmxll> 7 101.157 NA 581.234 4 66249532 
TP59979 <lmxll> 7 102.962 NA 587.341 NA NA 
TP17421 <lmxll> 7 106.451 NA 595.863 4 66365851 
TP38488 <lmxll> 7 110.282 NA 609.772 5 61110275 
TP85161 <lmxll> 7 116.794 NA 648.807 NA NA 
TP112887 <lmxll> 7 119.097 NA 634.161 4 67770355 
X52 <lmxll> 7 119.975 NA 631.734 4 67583451 
TP14227 <lmxll> 7 121.791 NA 640.455 10 9694738 
TP85921 <lmxll> 7 124.118 NA 624.348 NA NA 
TP67075 <lmxll> 8 2.295 NA 771.952 4 66474079 
TP57984 <lmxll> 8 4.199 NA 778.35 NA NA 
TP115948 <lmxll> 8 10.034 NA 725.213 4 65227015 
TP111659 <lmxll> 8 12.574 NA 702.467 4 64563845 
TP59465 <lmxll> 8 13.533 NA 616.223 4 58297863 
TP28484 <lmxll> 8 14.759 NA 648.223 4 57599035 
TP50883 <lmxll> 8 15.488 NA 620.332 NA NA 
TP55633 <lmxll> 8 16.122 NA 666.692 4 57513870 
TP65505 <lmxll> 8 16.759 NA 676.433 NA NA 
TP110018 <lmxll> 8 17.513 NA 660.955 4 63790468 
TP2616 <lmxll> 8 17.854 NA 669.707 4 57493133 
TP5347 <lmxll> 8 18.554 NA 642.645 4 57698327 
TP34563 <lmxll> 8 19.17 NA 656.66 4 57435962 
X664 <lmxll> 8 19.789 NA 573.586 4 58811382 
TP67853 <lmxll> 8 20.19 NA 564.61 4 58988836 
TP39741 <lmxll> 8 21.051 NA 552.791 4 58911159 
TP118579 <lmxll> 8 22.08 NA 611.868 NA NA 
TP83576 <lmxll> 8 22.504 NA 608.282 4 58568845 
TP41344 <lmxll> 8 23.626 NA 556.793 NA NA 
TP55820 <lmxll> 8 24.352 NA 561.28 4 59267441 
TP29538 <lmxll> 8 29.915 NA 485.868 4 61702059 
TP13657 <lmxll> 8 30.872 NA 473.113 4 62021079 
TP12676 <lmxll> 8 31.823 NA 491.866 4 61564639 




Table A3 (cont.) 
TP113775 <lmxll> 8 32.855 NA 494.425 4 61517121 
TP14424 <lmxll> 8 33.409 NA 496.256 4 61599600 
TP91997 <lmxll> 8 35.428 NA 448.967 4 62830626 
TP15025 <lmxll> 8 36.404 NA 458.844 4 62706506 
TP115241 <lmxll> 8 36.786 NA 454.738 4 62758307 
TP116252 <lmxll> 8 37.883 NA 436.818 4 63012727 
X540 <lmxll> 8 38.412 NA 399.245 4 62928686 
TP19171 <lmxll> 8 38.633 NA 411.245 4 63112473 
TP15188 <lmxll> 8 39.383 NA 403.022 NA NA 
TP20661 <lmxll> 8 40.019 NA 397.242 4 63110981 
TP8306 <lmxll> 8 40.881 NA 393.46 4 63344383 
TP79155 <lmxll> 8 41.257 NA 442.42 4 63070426 
TP55068 <lmxll> 8 42.387 NA 373.521 4 56510045 
TP97449 <lmxll> 8 43.181 NA 381.9 4 56833818 
TP6305 <lmxll> 8 43.64 NA 388.923 4 56857893 
TP97277 <lmxll> 8 44.355 NA 363.273 4 55119635 
TP66831 <lmxll> 8 45.464 NA 349.751 4 54906410 
TP11921 <lmxll> 8 45.858 NA 354.978 4 54830560 
TP31855 <lmxll> 8 47.589 NA 322.764 4 54064351 
TP74602 <lmxll> 8 48.305 NA 340.258 4 54397072 
TP97273 <lmxll> 8 48.823 NA 332.636 4 54196490 
TP96209 <lmxll> 8 49.454 NA 311.265 4 53226446 
TP111053 <lmxll> 8 49.968 NA 336.01 4 53815092 
TP77373 <lmxll> 8 50.632 NA 282.592 4 50512768 
TP89283 <lmxll> 8 50.98 NA 232.525 NA NA 
TP15791 <lmxll> 8 51.434 NA 237.494 4 52078682 
TP75791 <lmxll> 8 51.641 NA 242.365 4 52043187 
TP80089 <lmxll> 8 52.004 NA 154.462 4 16826943 
TP42476 <lmxll> 8 52.423 NA 287.638 NA NA 
TP76874 <lmxll> 8 52.728 NA 219.879 1 10990659 
TP3693 <lmxll> 8 52.922 NA 217.48 NA NA 
TP48603 <lmxll> 8 53.012 NA 182.424 4 9138870 
TP105994 <lmxll> 8 53.33 NA 205.622 NA NA 
X280 <lmxll> 8 53.457 NA 245.912 4 16571044 
TP78785 <lmxll> 8 53.532 NA 292.649 4 13923042 
TP18799 <lmxll> 8 53.866 NA 297.235 4 53128373 
X343 <lmxll> 8 54.125 NA 247.253 4 7207664 
TP3156 <lmxll> 8 54.265 NA 245.912 NA NA 




Table A3 (cont.) 
TP81664 <lmxll> 8 55.447 NA 176.127 NA NA 
TP27078 <lmxll> 8 56.044 NA 146.151 2 71065955 
TP95453 <lmxll> 8 56.289 NA 139.123 4 5650355 
TP81533 <lmxll> 8 56.853 NA 127.298 1 65166674 
TP88657 <lmxll> 8 57.417 NA 111.718 4 5186904 
TP33279 <lmxll> 8 57.737 NA 121.502 4 5055037 
TP24713 <lmxll> 8 58.639 NA 195.252 NA NA 
TP24017 <lmxll> 8 59.639 NA 226.635 6 43248919 
TP107174 <lmxll> 8 60.971 NA 265.257 NA NA 
TP7027 <lmxll> 8 62.151 NA 254.33 NA NA 
TP116977 <lmxll> 8 62.587 NA 102.619 4 5254419 
TP84411 <lmxll> 8 62.983 NA 91.292 4 4776245 
TP37452 <lmxll> 8 64.575 NA 81.794 NA NA 
TP36634 <lmxll> 8 65.5 NA 71.389 4 2778237 
TP75230 <lmxll> 8 67.604 NA 41.477 4 1682809 
TP28603 <lmxll> 8 73.562 NA 15.257 NA NA 
TP27592 <lmxll> 8 76.541 NA 7.095 NA NA 
TP45940 <lmxll> 9 0 NA 501.283 5 62328583 
TP88676 <lmxll> 9 6.137 NA 493.268 NA NA 
TP13213 <lmxll> 9 8.35 NA 479.839 5 60177057 
TP87767 <lmxll> 9 10.812 NA 485.887 NA NA 
TP37358 <lmxll> 9 15.025 NA 468.146 5 59552866 
TP96814 <lmxll> 9 18.306 NA 443.971 5 59296294 
TP89968 <lmxll> 9 22.336 NA 433.061 NA NA 
TP60810 <lmxll> 9 27.792 NA 418.926 5 57925283 
TP75507 <lmxll> 9 38.365 NA 304.427 10 12110625 
TP84753 <lmxll> 9 41.944 NA 271.477 5 2838311 
TP67878 <lmxll> 9 45.87 NA 208.708 NA NA 
TP1473 <lmxll> 9 51.724 NA 152.988 5 2177961 
TP121439 <lmxll> 9 54.03 NA 110.167 5 1994734 
TP22374 <lmxll> 9 55.466 NA 106.02 5 1979284 
TP87811 <lmxll> 9 59.575 NA 92.281 NA NA 
TP86470 <lmxll> 9 61.765 NA 98.291 6 58127795 
TP77076 <lmxll> 9 64.134 NA 31.632 5 1324031 
TP18526 <lmxll> 9 65.921 NA 66.484 1 16739440 
TP95057 <lmxll> 9 66.883 NA 25.519 5 1371346 
TP33999 <lmxll> 9 68.534 NA 20.474 NA NA 
TP123113 <lmxll> 9 70.024 NA 14.178 8 2929215 




Table A3 (cont.) 
TP79849 <lmxll> 9 81.203 NA 0 5 203286 
TP74817 <lmxll> 10 0 NA 26.626 5 1507354 
TP10024 <lmxll> 10 6.231 NA 43.487 5 1866525 
TP110611 <lmxll> 10 12.536 NA 69.301 5 2251935 
TP88294 <lmxll> 10 15.092 NA 75.094 NA NA 
TP74392 <lmxll> 10 22.901 NA 86.315 NA NA 
TP77469 <lmxll> 10 29.279 NA 94.2 NA NA 
TP73803 <lmxll> 10 30.834 NA 120.27 NA NA 
TP38414 <lmxll> 10 31.857 NA 126.022 5 6890386 
TP70466 <lmxll> 10 32.449 NA 136.886 5 8232590 
TP1819 <lmxll> 10 33.352 NA 131.925 5 7182172 
TP52351 <lmxll> 10 34.24 NA 144.758 NA NA 
TP105419 <lmxll> 10 35.348 NA 151.921 7 55847711 
TP72866 <lmxll> 10 35.815 NA 170.031 5 15235717 
TP118838 <lmxll> 10 36.488 NA 160.359 5 15238484 
TP52723 <lmxll> 10 36.968 NA 175.424 5 13729370 
TP55861 <lmxll> 10 37.909 NA 164.811 NA NA 
TP10652 <lmxll> 10 39.089 NA 226.624 NA NA 
TP50431 <lmxll> 10 39.68 NA 240.944 5 48523710 
TP36000 <lmxll> 10 40.207 NA 180.791 NA NA 
TP63984 <lmxll> 10 40.532 NA 184.527 5 52136282 
TP75946 <lmxll> 10 40.88 NA 232.709 5 43792415 
TP92533 <lmxll> 10 41.178 NA 230.36 NA NA 
TP79454 <lmxll> 10 41.544 NA 305.119 NA NA 
TP44176 <lmxll> 10 41.689 NA 309.784 NA NA 
TP116348 <lmxll> 10 42.174 NA 317.64 10 6080174 
TP4294 <lmxll> 10 42.504 NA 301.954 5 46525169 
TP59287 <lmxll> 10 42.829 NA 313.168 5 53190588 
TP50279 <lmxll> 10 43.176 NA 299.195 7 56380384 
TP16605 <lmxll> 10 43.621 NA 244.939 5 53069616 
TP43892 <lmxll> 10 43.913 NA 222.221 NA NA 
TP13015 <lmxll> 10 44.697 NA 236.605 5 51077700 
TP52589 <lmxll> 10 45.169 NA 211.466 5 51133105 
TP56313 <lmxll> 10 45.822 NA 217.335 8 48226728 
TP94131 <lmxll> 10 46.267 NA 204.578 10 57121361 
TP85199 <lmxll> 10 46.805 NA 190.825 5 46525087 
TP95929 <lmxll> 10 47.452 NA 293.942 NA NA 
TP82620 <lmxll> 10 48.013 NA 286.955 NA NA 




Table A3 (cont.) 
TP74389 <lmxll> 10 49.357 NA 251.976 NA NA 
TP60653 <lmxll> 10 49.919 NA 325.662 NA NA 
TP88080 <lmxll> 10 51.059 NA 336.483 5 58064713 
TP16216 <lmxll> 10 52.968 NA 368.868 6 1879973 
TP108989 <lmxll> 10 54.194 NA 355.697 NA NA 
TP56554 <lmxll> 10 55.282 NA 382.685 NA NA 
TP27273 <lmxll> 10 56.348 NA 391.18 NA NA 
TP112153 <lmxll> 10 58.574 NA 411.818 5 60569096 
TP4418 <lmxll> 10 59.698 NA 417.815 5 61131698 
TP93364 <lmxll> 10 61.268 NA 401.147 NA NA 
TP56837 <lmxll> 10 64.131 NA 425.546 NA NA 
TP55901 <lmxll> 11 0 NA 166.866 10 6045098 
TP69393 <lmxll> 11 1.056 NA 174.775 6 43161656 
TP41299 <lmxll> 11 2.167 NA 27.634 NA NA 
TP27617 <lmxll> 11 3.274 NA 0 NA NA 
TP96405 <lmxll> 11 3.927 NA 143.192 6 45937924 
TP84326 <lmxll> 11 4.735 NA 191.473 NA NA 
TP42502 <lmxll> 11 5.919 NA 148.158 10 6045066 
TP48408 <lmxll> 11 6.246 NA 187.129 NA NA 
TP8780 <lmxll> 11 6.795 NA 85.151 NA NA 
TP18468 <lmxll> 11 7.262 NA 39.869 NA NA 
TP25793 <lmxll> 11 7.729 NA 137.91 6 39903268 
TP64566 <lmxll> 11 8.657 NA 161.426 NA NA 
TP55725 <lmxll> 11 9.043 NA 182.024 6 41186952 
TP87559 <lmxll> 11 9.276 NA 21.433 6 38142194 
TP89531 <lmxll> 11 9.419 NA 115.715 NA NA 
X59 <lmxll> 11 9.716 NA 106.235 6 38333670 
TP79403 <lmxll> 11 9.964 NA 76.978 NA NA 
TP106693 <lmxll> 11 10.232 NA 180.06 NA NA 
TP113056 <lmxll> 11 10.388 NA 66.435 NA NA 
TP67142 <lmxll> 11 10.704 NA 102.953 NA NA 
TP67962 <lmxll> 11 10.932 NA 183.99 NA NA 
TP101701 <lmxll> 11 11.496 NA 73.586 6 5555128 
TP79961 <lmxll> 11 12.088 NA 204.871 6 635300 
TP106720 <lmxll> 11 12.694 NA 151.291 NA NA 
TP82510 <lmxll> 11 14.612 NA 156.104 6 46172249 
TP53343 <lmxll> 11 16.988 NA 222.271 6 48692442 
TP2601 <lmxll> 11 18.445 NA 227.098 6 48916694 




Table A3 (cont.) 
TP92735 <lmxll> 11 20.564 NA 280.444 6 49773984 
TP3789 <lmxll> 11 22.001 NA 267.198 6 49881289 
TP103807 <lmxll> 11 24.35 NA 296.166 NA NA 
TP99291 <lmxll> 11 24.639 NA 303.47 6 50666507 
TP11670 <lmxll> 11 26.332 NA 299.477 6 50661946 
TP46774 <lmxll> 11 26.972 NA 318.08 6 51153965 
TP32060 <lmxll> 11 29.067 NA 329.123 NA NA 
TP49742 <lmxll> 11 31.107 NA 400.69 6 51476454 
TP37044 <lmxll> 11 31.883 NA 368.44 6 51283607 
TP25440 <lmxll> 11 32.961 NA 374.065 NA NA 
TP44908 <lmxll> 11 36.782 NA 421.198 6 52812729 
TP32772 <lmxll> 11 38.368 NA 479.927 1 53704196 
TP2979 <lmxll> 11 39.305 NA 482.895 6 53006607 
TP45230 <lmxll> 11 40.098 NA 458.06 1 18288418 
TP31810 <lmxll> 11 41.027 NA 475.813 1 212262 
TP36393 <lmxll> 11 42.596 NA 488.568 6 53461515 
TP95791 <lmxll> 11 43.055 NA 486.431 NA NA 
X118 <lmxll> 11 43.556 NA 447.756 6 53147886 
TP44179 <lmxll> 11 48.873 NA 548.906 6 55168044 
TP116182 <lmxll> 11 50.359 NA 554.584 6 54991802 
TP19128 <lmxll> 11 51.717 NA 559.9 6 55389418 
TP74717 <lmxll> 11 55.363 NA 666.637 6 56060129 
X278 <lmxll> 11 55.74 NA 585.64 6 56933712 
TP76454 <lmxll> 11 56.365 NA 581.863 6 56110655 
TP119054 <lmxll> 11 57.475 NA 660.532 6 55985976 
TP42475 <lmxll> 11 59.71 NA 675.062 NA NA 
TP15558 <lmxll> 11 60.941 NA 653.085 6 56303840 
TP23199 <lmxll> 11 62.722 NA 646.339 6 56935539 
TP13071 <lmxll> 11 64.623 NA 615.794 6 57102718 
TP37681 <lmxll> 11 66.752 NA 637.738 NA NA 
TP116998 <lmxll> 11 68.704 NA 630.292 3 70750230 
TP61793 <lmxll> 12 0 NA 360.713 6 55166083 
TP4373 <lmxll> 12 2.127 NA 367.778 6 55104328 
TP116090 <lmxll> 12 4.556 NA 355.43 NA NA 
TP71712 <lmxll> 12 6.113 NA 343.006 6 54513749 
TP95912 <lmxll> 12 8.017 NA 349.334 6 54507832 
X188 <lmxll> 12 8.957 NA 352.414 6 55049847 
TP100908 <lmxll> 12 10.155 NA 336.192 NA NA 




Table A3 (cont.) 
TP8914 <lmxll> 12 16.155 NA 306.3 NA NA 
TP58 <lmxll> 12 21.225 NA 262.334 NA NA 
TP68657 <lmxll> 12 23.284 NA 254.893 6 52418520 
TP70373 <lmxll> 12 26.612 NA 247.736 NA NA 
TP11281 <lmxll> 12 28.424 NA 284.974 NA NA 
X624 <lmxll> 12 31.162 NA 237.403 6 50812497 
TP29504 <lmxll> 12 33.404 NA 240.534 6 51252581 
TP60368 <lmxll> 12 35.192 NA 236.831 NA NA 
TP43329 <lmxll> 12 42.013 NA 218.529 6 49816500 
TP36935 <lmxll> 12 43.219 NA 185.539 6 49819296 
TP32213 <lmxll> 12 44.482 NA 228.62 6 50009820 
TP122864 <lmxll> 12 45.893 NA 179.321 6 49814905 
TP17335 <lmxll> 12 47.193 NA 189.732 6 49807402 
TP79586 <lmxll> 12 49.924 NA 198.852 6 49363858 
TP70540 <lmxll> 12 50.662 NA 195.647 6 49307305 
X568 <lmxll> 12 51.261 NA 191.805 NA NA 
TP26838 <lmxll> 12 54.012 NA 155.676 NA NA 
X63 <lmxll> 12 54.754 NA 193.703 6 46044287 
TP14502 <lmxll> 12 55.232 NA 142.839 6 48692502 
TP39886 <lmxll> 12 56.07 NA 151.359 NA NA 
TP110964 <lmxll> 12 57.297 NA 160.603 6 48297428 
TP28877 <lmxll> 12 58.307 NA 139.674 6 48493687 
TP17446 <lmxll> 12 59.046 NA 147.389 6 48188517 
TP32197 <lmxll> 12 61.208 NA 134.163 6 47011254 
TP59867 <lmxll> 12 62.343 NA 130.993 NA NA 
TP84350 <lmxll> 12 62.901 NA 105.617 6 46904173 
TP68113 <lmxll> 12 64.465 NA 127.14 6 46813910 
TP63697 <lmxll> 12 65.399 NA 124.46 NA NA 
TP97338 <lmxll> 12 66.225 NA 73.291 6 46408692 
TP37739 <lmxll> 12 67.482 NA 120.068 6 46221587 
TP98718 <lmxll> 12 68.035 NA 116.675 6 45299095 
TP3548 <lmxll> 12 68.487 NA 114.712 6 45861698 
TP16460 <lmxll> 12 69.071 NA 112.316 6 45453923 
X235 <lmxll> 12 70.825 NA 95.944 6 42610199 
TP116453 <lmxll> 12 71.546 NA 66.276 NA NA 
TP38222 <lmxll> 12 72.876 NA 48.659 NA NA 
TP46844 <lmxll> 12 73.545 NA 11.982 NA NA 
TP76633 <lmxll> 12 74.041 NA 44.09 NA NA 




Table A3 (cont.) 
TP4442 <lmxll> 12 75.228 NA 31.66 NA NA 
TP43537 <lmxll> 12 76.015 NA 14.213 NA NA 
TP52627 <lmxll> 12 76.639 NA 39.187 NA NA 
TP36138 <lmxll> 12 77.311 NA 17.686 NA NA 
TP46771 <lmxll> 12 78.148 NA 20.787 1 65894372 
TP65537 <lmxll> 12 79.632 NA 81.861 NA NA 
TP73246 <lmxll> 12 82.316 NA 88.644 NA NA 
TP30773 <lmxll> 13 0 NA 42.288 7 1198545 
TP27598 <lmxll> 13 1.718 NA 38.33 7 1025652 
TP64604 <lmxll> 13 6.798 NA 50.239 NA NA 
TP53390 <lmxll> 13 9.314 NA 111.979 7 4138298 
TP50051 <lmxll> 13 11.686 NA 129.542 7 4528655 
TP42777 <lmxll> 13 12.774 NA 136.095 NA NA 
TP102258 <lmxll> 13 13.943 NA 122.153 7 3953147 
TP118806 <lmxll> 13 14.978 NA 92.553 NA NA 
TP56519 <lmxll> 13 16.316 NA 143.312 7 5191830 
TP41685 <lmxll> 13 17.794 NA 180.987 NA NA 
TP29273 <lmxll> 13 18.414 NA 150.606 NA NA 
TP90208 <lmxll> 13 19.195 NA 157.217 7 5454278 
TP68684 <lmxll> 13 20.672 NA 196.168 NA NA 
TP49814 <lmxll> 13 21.812 NA 252.824 NA NA 
TP33423 <lmxll> 13 22.566 NA 187.136 7 7675359 
TP19844 <lmxll> 13 22.945 NA 190.774 7 8557538 
TP55201 <lmxll> 13 23.182 NA 274.3 NA NA 
TP39555 <lmxll> 13 23.818 NA 243.378 7 13338942 
TP81909 <lmxll> 13 24.491 NA 222.462 7 10445874 
TP105497 <lmxll> 13 25.094 NA 217.154 NA NA 
TP75897 <lmxll> 13 25.566 NA 202.279 6 43936673 
TP48135 <lmxll> 13 26.316 NA 207.669 NA NA 
X132 <lmxll> 13 26.872 NA 168.048 7 18758696 
TP63008 <lmxll> 13 27.65 NA 235.527 7 51063007 
TP43257 <lmxll> 13 28.209 NA 310.646 7 52056127 
TP92194 <lmxll> 13 28.874 NA 303.405 NA NA 
TP51261 <lmxll> 13 29.73 NA 290.216 NA NA 
TP19173 <lmxll> 13 30.651 NA 313.402 NA NA 
TP99638 <lmxll> 13 31.713 NA 320.165 7 53286788 
TP24514 <lmxll> 13 34.145 NA 353.817 NA NA 
TP70106 <lmxll> 13 35.221 NA 447.029 7 57432338 




Table A3 (cont.) 
TP16960 <lmxll> 13 37.316 NA 419.964 NA NA 
X8 <lmxll> 13 37.735 NA 397.181 7 58207132 
TP101571 <lmxll> 13 37.874 NA 437.766 NA NA 
TP78059 <lmxll> 13 38.85 NA 427.222 7 58060138 
TP36888 <lmxll> 13 41.072 NA 463.424 7 58610966 
TP84474 <lmxll> 13 42.027 NA 457.536 7 63734571 
TP35699 <lmxll> 13 42.685 NA 465.75 7 59017172 
TP30417 <lmxll> 13 43.391 NA 474.971 NA NA 
X596 <lmxll> 13 43.975 NA 484.929 7 60495814 
TP4488 <lmxll> 13 44.449 NA 479.219 7 60279265 
TP121848 <lmxll> 13 45.488 NA 469.375 7 59759328 
TP100041 <lmxll> 13 46.592 NA 483.92 7 60850324 
TP108847 <lmxll> 13 49.903 NA 523.779 7 61651183 
TP55236 <lmxll> 13 51.475 NA 547.991 7 61738250 
TP1167 <lmxll> 13 52.597 NA 545.624 NA NA 
TP56485 <lmxll> 13 53.808 NA 551.465 7 62032623 
TP63973 <lmxll> 13 54.768 NA 554.653 7 62032757 
TP87906 <lmxll> 13 55.916 NA 557.991 1 50564052 
TP91170 <lmxll> 13 57.069 NA 567.77 7 62364226 
TP44113 <lmxll> 13 57.879 NA 571.473 7 62473685 
TP52730 <lmxll> 13 59.012 NA 561.043 7 62263421 
X153 <lmxll> 13 60.219 NA 593.137 7 62997760 
TP9175 <lmxll> 13 64.446 NA 586.203 7 62633707 
X120 <lmxll> 13 66.487 NA 595.412 7 64135545 
TP101119 <lmxll> 13 68.498 NA 602.709 7 63672883 
TP76774 <lmxll> 13 73.075 NA 613.912 7 64125635 
TP95740 <lmxll> 14 0 NA 387.839 8 54925125 
TP5201 <lmxll> 14 6.876 NA 350.69 NA NA 
TP74766 <lmxll> 14 9.185 NA 353.945 NA NA 
TP77427 <lmxll> 14 11.615 NA 340.987 8 53828905 
TP53263 <lmxll> 14 15.272 NA 334.55 NA NA 
TP81737 <lmxll> 14 20.174 NA 322.73 NA NA 
TP87162 <lmxll> 14 21.161 NA 327.86 8 52724839 
TP104292 <lmxll> 14 22.437 NA 315.171 9 14718263 
TP11012 <lmxll> 14 26.234 NA 307.72 8 51629622 
TP5950 <lmxll> 14 27.449 NA 304.367 NA NA 
TP62187 <lmxll> 14 28.237 NA 292.558 8 51103751 
TP40083 <lmxll> 14 29.39 NA 299.368 NA NA 




Table A3 (cont.) 
TP108670 <lmxll> 14 33.123 NA 278.242 8 50331019 
TP101771 <lmxll> 14 33.611 NA 281.29 8 50313311 
TP55776 <lmxll> 14 34.181 NA 265.009 NA NA 
TP115154 <lmxll> 14 34.869 NA 285.378 8 50219668 
TP75912 <lmxll> 14 35.959 NA 255.512 8 49884278 
TP63623 <lmxll> 14 37.155 NA 249.397 8 49407024 
TP86741 <lmxll> 14 37.941 NA 238.423 8 54628426 
TP117137 <lmxll> 14 38.609 NA 232.3 NA NA 
TP41636 <lmxll> 14 39.846 NA 244.398 NA NA 
TP27577 <lmxll> 14 40.94 NA 224.13 NA NA 
TP48287 <lmxll> 14 42.351 NA 195.248 8 44582395 
TP63044 <lmxll> 14 42.57 NA 183.174 NA NA 
TP80557 <lmxll> 14 42.969 NA 145.091 NA NA 
TP35003 <lmxll> 14 43.62 NA 187.322 NA NA 
X214 <lmxll> 14 43.975 NA 178.74 NA NA 
TP66121 <lmxll> 14 44.368 NA 156.932 8 43251605 
TP103882 <lmxll> 14 44.908 NA 208.496 8 19294447 
TP121170 <lmxll> 14 45.346 NA 202.901 8 41831588 
TP48683 <lmxll> 14 46.937 NA 128.823 NA NA 
TP64585 <lmxll> 14 47.411 NA 137.727 8 5476409 
TP82777 <lmxll> 14 48.195 NA 125.36 NA NA 
TP3098 <lmxll> 14 50.655 NA 116.145 8 5029469 
TP93328 <lmxll> 14 55.485 NA 94.502 NA NA 
TP123695 <lmxll> 14 58.058 NA 86.565 NA NA 
TP18658 <lmxll> 14 64.501 NA 58.398 NA NA 
TP40897 <lmxll> 14 66.272 NA 62.536 NA NA 
TP30674 <lmxll> 14 68.196 NA 53.865 8 1717868 
TP28318 <lmxll> 14 69.684 NA 32.678 8 1490225 
X201 <lmxll> 14 70.474 NA 44.047 8 3643181 
X243 <lmxll> 14 71.868 NA 26.481 8 16168782 
TP92838 <lmxll> 14 79.927 NA 13.306 8 38581 
TP86357 <lmxll> 15 0 NA 371.772 8 55163152 
TP96494 <lmxll> 15 4.308 NA 365.849 8 54874553 
TP88845 <lmxll> 15 6.28 NA 360.613 NA NA 
TP22614 <lmxll> 15 8.318 NA 355.133 NA NA 
TP61475 <lmxll> 15 13.854 NA 342.563 NA NA 
TP39785 <lmxll> 15 17.997 NA 332.401 NA NA 
TP86645 <lmxll> 15 23.433 NA 315.286 NA NA 




Table A3 (cont.) 
TP78856 <lmxll> 15 25.211 NA 255.352 NA NA 
TP101446 <lmxll> 15 26.116 NA 295.715 8 51478063 
TP123281 <lmxll> 15 27.122 NA 321.575 NA NA 
X119 <lmxll> 15 27.553 NA 327.084 8 53137669 
TP58708 <lmxll> 15 28.453 NA 280.667 NA NA 
TP84967 <lmxll> 15 29.084 NA 287.404 NA NA 
TP68652 <lmxll> 15 29.667 NA 274.842 NA NA 
TP62012 <lmxll> 15 30.231 NA 237.296 NA NA 
TP85114 <lmxll> 15 31.044 NA 264.255 8 50762444 
TP61622 <lmxll> 15 31.525 NA 245.626 NA NA 
TP37250 <lmxll> 15 32.296 NA 269.209 NA NA 
TP50179 <lmxll> 15 33.105 NA 230.717 8 49031278 
TP77638 <lmxll> 15 33.761 NA 223.726 NA NA 
TP78744 <lmxll> 15 34.324 NA 164.244 8 40337474 
TP28462 <lmxll> 15 35.005 NA 141.961 8 18027577 
TP11809 <lmxll> 15 35.559 NA 196.978 NA NA 
TP15894 <lmxll> 15 36.123 NA 135.183 NA NA 
TP58671 <lmxll> 15 36.62 NA 218.049 8 9733362 
TP61728 <lmxll> 15 36.904 NA 208.901 NA NA 
TP31641 <lmxll> 15 37.317 NA 213.22 8 17153840 
TP98064 <lmxll> 15 37.643 NA 191.967 NA NA 
TP76889 <lmxll> 15 38.069 NA 202.882 8 3191111 
TP114666 <lmxll> 15 38.428 NA 115.425 NA NA 
TP41510 <lmxll> 15 38.941 NA 157.263 8 42777391 
TP84244 <lmxll> 15 39.605 NA 129.729 NA NA 
TP80321 <lmxll> 15 40.23 NA 185.175 8 15828256 
TP26703 <lmxll> 15 40.833 NA 149.831 5 17280631 
TP85714 <lmxll> 15 41.356 NA 112.897 NA NA 
TP22375 <lmxll> 15 42.416 NA 122.088 8 6755578 
TP109660 <lmxll> 15 43.586 NA 174.293 8 9737451 
TP27323 <lmxll> 15 46.729 NA 101.21 NA NA 
TP90205 <lmxll> 15 48.837 NA 90.795 8 3073264 
TP108987 <lmxll> 15 49.841 NA 75.57 8 3182858 
TP85219 <lmxll> 15 50.354 NA 69.501 NA NA 
TP66184 <lmxll> 15 51.18 NA 48.989 8 2105072 
TP113085 <lmxll> 15 52.116 NA 54.577 NA NA 
TP43541 <lmxll> 15 52.947 NA 62.074 NA NA 
TP31463 <lmxll> 15 54.069 NA 82.855 8 3182105 




Table A3 (cont.) 
TP78451 <lmxll> 15 62.827 NA 7.111 NA NA 
TP67445 <lmxll> 15 64.032 NA 16.111 8 1231322 
TP41227 <lmxll> 15 65.252 NA 11.047 NA NA 
TP66248 <lmxll> 15 69.87 NA 0 8 1084708 
TP2053 <lmxll> 16 1.679 NA 11.692 NA NA 
TP30685 <lmxll> 16 3.293 NA 0 9 1586728 
TP71575 <lmxll> 16 8.357 NA 107.609 NA NA 
TP78478 <lmxll> 16 11.48 NA 57.135 NA NA 
TP37676 <lmxll> 16 12.081 NA 59.386 9 2520162 
TP71240 <lmxll> 16 13.207 NA 79.475 9 3927177 
TP78918 <lmxll> 16 14.836 NA 64.372 NA NA 
TP81031 <lmxll> 16 15.407 NA 98.536 NA NA 
TP86423 <lmxll> 16 16.401 NA 94.485 9 3255539 
TP118917 <lmxll> 16 17.136 NA 73.128 NA NA 
TP64017 <lmxll> 16 17.5 NA 87.795 9 4421301 
TP108479 <lmxll> 16 18.459 NA 151.606 9 4014508 
TP42839 <lmxll> 16 18.912 NA 69.578 8 55327156 
TP23616 <lmxll> 16 21.201 NA 206.583 NA NA 
TP97160 <lmxll> 16 22.322 NA 279.286 9 10655941 
TP49755 <lmxll> 16 23.261 NA 267.511 NA NA 
TP53360 <lmxll> 16 23.745 NA 215.024 NA NA 
TP33918 <lmxll> 16 24.181 NA 256.48 9 11977261 
TP20363 <lmxll> 16 24.694 NA 273.972 9 11703365 
TP100008 <lmxll> 16 25.414 NA 262.412 9 40161789 
TP29310 <lmxll> 16 26.722 NA 329.809 9 48711248 
TP83949 <lmxll> 16 27.91 NA 339.938 9 49370890 
TP5185 <lmxll> 16 28.694 NA 290.48 9 48983384 
TP94143 <lmxll> 16 29.008 NA 323.747 NA NA 
TP46818 <lmxll> 16 31.123 NA 353.957 9 53108728 
TP86487 <lmxll> 16 32.419 NA 380.369 9 52335100 
TP52248 <lmxll> 16 32.837 NA 389.036 NA NA 
TP72251 <lmxll> 16 33.733 NA 385.428 9 51868471 
TP4223 <lmxll> 16 34.394 NA 370.481 9 52085925 
TP43315 <lmxll> 16 34.888 NA 395.925 9 52990634 
TP86723 <lmxll> 16 36.381 NA 436.263 9 53180068 
TP20255 <lmxll> 16 38.273 NA 484.788 9 54764368 
TP123259 <lmxll> 16 39.812 NA 465.755 NA NA 
TP98782 <lmxll> 16 41.763 NA 499.77 1 69806636 




Table A3 (cont.) 
TP52841 <lmxll> 16 45.318 NA 506.123 9 55799604 
TP8373 <lmxll> 16 46.417 NA 535.147 NA NA 
TP98888 <lmxll> 16 47.189 NA 528.305 9 56003641 
TP113216 <lmxll> 16 48.507 NA 657.642 9 56220997 
TP83726 <lmxll> 16 49.091 NA 652.62 9 56097778 
TP85236 <lmxll> 16 49.901 NA 540.53 NA NA 
TP55015 <lmxll> 16 50.305 NA 552.402 9 56419573 
X414 <lmxll> 16 50.726 NA 550.555 9 56100690 
TP54662 <lmxll> 16 51.127 NA 664.762 9 56097878 
TP68435 <lmxll> 16 51.937 NA 632.513 1 15190185 
TP59498 <lmxll> 16 52.742 NA 638.625 NA NA 
TP13202 <lmxll> 16 54.063 NA 645.392 9 56467309 
TP101302 <lmxll> 16 55.28 NA 625.298 9 57194281 
TP20061 <lmxll> 16 57.018 NA 676.366 9 56257303 
TP125071 <lmxll> 16 58.435 NA 603.572 9 57812117 
TP11284 <lmxll> 16 59.258 NA 606.351 9 57602741 
TP3870 <lmxll> 16 60.281 NA 558.834 NA NA 
TP48589 <lmxll> 16 64.633 NA 598.96 9 58659143 
TP75233 <lmxll> 17 0 NA 581.181 9 59333527 
TP46631 <lmxll> 17 4.361 NA 574.61 9 59025652 
TP95603 <lmxll> 17 11.021 NA 553.261 9 58521117 
TP64616 <lmxll> 17 16.555 NA 534.362 9 57823420 
TP120777 <lmxll> 17 18.88 NA 539.668 1 68318838 
TP43662 <lmxll> 17 22.103 NA 527.51 9 57645319 
X470 <lmxll> 17 23.279 NA 544.476 9 58044029 
TP12763 <lmxll> 17 23.672 NA 522.36 9 57385338 
TP16369 <lmxll> 17 25.161 NA 518.836 NA NA 
TP84885 <lmxll> 17 27.04 NA 511.308 6 48147858 
TP97157 <lmxll> 17 28.261 NA 500.233 9 56963100 
TP49013 <lmxll> 17 29.582 NA 493.887 9 56829074 
TP9341 <lmxll> 17 30.663 NA 490.12 9 56768568 
TP61860 <lmxll> 17 36.506 NA 481.335 9 55849541 
TP86321 <lmxll> 17 38.254 NA 467.44 9 55402729 
TP117650 <lmxll> 17 39.674 NA 475.75 NA NA 
TP96150 <lmxll> 17 42.095 NA 454.36 9 55264802 
TP121402 <lmxll> 17 43.388 NA 436.157 NA NA 
TP13385 <lmxll> 17 46.398 NA 445.853 NA NA 
TP62447 <lmxll> 17 48.147 NA 394.41 NA NA 




Table A3 (cont.) 
TP102089 <lmxll> 17 49.149 NA 388.575 9 53860871 
TP22642 <lmxll> 17 49.488 NA 346.477 9 53680923 
TP16542 <lmxll> 17 50.846 NA 378.784 9 53638497 
TP67153 <lmxll> 17 51.891 NA 352.585 9 53015553 
TP4318 <lmxll> 17 52.647 NA 250.18 9 52903503 
TP123338 <lmxll> 17 53.167 NA 376.311 NA NA 
TP21137 <lmxll> 17 53.515 NA 364.107 NA NA 
TP104209 <lmxll> 17 54.369 NA 334.895 9 53603274 
TP3437 <lmxll> 17 56.135 NA 323.242 9 51970533 
TP122989 <lmxll> 17 57.295 NA 283.027 9 53285327 
TP118704 <lmxll> 17 58.143 NA 149.171 NA NA 
TP28459 <lmxll> 17 59.212 NA 221.014 9 57115286 
X167 <lmxll> 17 59.939 NA 164.38 9 50579186 
TP16656 <lmxll> 17 60.284 NA 125.053 NA NA 
TP112624 <lmxll> 17 60.888 NA 100.799 9 50215521 
TP50646 <lmxll> 17 63.955 NA 188.336 NA NA 
TP106647 <lmxll> 17 66.232 NA 37.849 NA NA 
TP18618 <lmxll> 17 68.286 NA 5.285 9 728092 
TP86068 <lmxll> 17 69.255 NA 20.349 NA NA 
TP92159 <lmxll> 18 0 NA 14.017 10 158077 
TP33061 <lmxll> 18 1.92 NA 24.183 NA NA 
TP70217 <lmxll> 18 4.216 NA 0 10 549933 
TP20769 <lmxll> 18 5.642 NA 7.007 NA NA 
TP102035 <lmxll> 18 7.09 NA 35.328 10 775077 
TP86555 <lmxll> 18 9.868 NA 31.463 10 1080451 
TP125292 <lmxll> 18 10.715 NA 43.624 NA NA 
TP88526 <lmxll> 18 12.34 NA 40.387 NA NA 
X65 <lmxll> 18 16.025 NA 48.618 10 1924546 
TP96154 <lmxll> 18 17.082 NA 52.934 10 2226827 
TP32470 <lmxll> 18 18.82 NA 59.349 10 2448171 
TP6022 <lmxll> 18 21.855 NA 115.892 10 3209383 
TP114605 <lmxll> 18 24.449 NA 136.673 NA NA 
TP69198 <lmxll> 18 25.715 NA 130.736 6 60106362 
TP31129 <lmxll> 18 27.845 NA 146.345 NA NA 
TP120830 <lmxll> 18 30.134 NA 155.386 10 4978161 
TP91686 <lmxll> 18 33.356 NA 185.769 NA NA 
TP91687 <lmxll> 18 33.595 NA 184.674 NA NA 
TP54605 <lmxll> 18 34.232 NA 193.874 4 11344761 




Table A3 (cont.) 
TP68063 <lmxll> 18 35.396 NA 198.313 10 7438104 
TP329 <lmxll> 18 35.799 NA 189.742 10 7426161 
TP95309 <lmxll> 18 37.055 NA 316.756 10 16768894 
TP9223 <lmxll> 18 37.641 NA 305.387 NA NA 
TP40269 <lmxll> 18 38.216 NA 210.443 10 8625486 
TP49281 <lmxll> 18 38.939 NA 370.176 10 8758439 
TP51438 <lmxll> 18 39.366 NA 221.916 10 49425135 
TP124834 <lmxll> 18 40.128 NA 249.436 NA NA 
TP15164 <lmxll> 18 40.478 NA 243.039 10 38675435 
TP8740 <lmxll> 18 40.839 NA 295.879 NA NA 
TP123605 <lmxll> 18 41.5 NA 255.204 10 47786772 
TP85933 <lmxll> 18 41.798 NA 227.056 NA NA 
TP81855 <lmxll> 18 42.578 NA 360.235 NA NA 
TP9459 <lmxll> 18 42.762 NA 363.821 10 8014322 
TP69170 <lmxll> 18 43.003 NA 232.671 10 12135967 
TP29182 <lmxll> 18 43.493 NA 282.087 10 12311532 
TP110955 <lmxll> 18 43.712 NA 214.907 NA NA 
TP54171 <lmxll> 18 44.09 NA 356.44 10 8758106 
TP45175 <lmxll> 18 44.25 NA 353.899 1 4192 
TP55680 <lmxll> 18 44.414 NA 275.605 10 46065333 
TP67698 <lmxll> 18 44.615 NA 279.003 NA NA 
TP79063 <lmxll> 18 44.843 NA 285.638 10 43151200 
TP98945 <lmxll> 18 45.023 NA 261.044 10 12274069 
TP51799 <lmxll> 18 45.241 NA 258.951 NA NA 
TP74281 <lmxll> 18 45.429 NA 290.443 10 28470139 
TP102810 <lmxll> 18 45.673 NA 325.265 10 17944282 
TP40389 <lmxll> 18 45.925 NA 217.752 10 48944892 
TP3319 <lmxll> 18 46.2 NA 351.814 NA NA 
X123 <lmxll> 18 46.386 NA 275.605 10 52518354 
X502 <lmxll> 18 46.386 NA 275.605 1 1042529 
TP15398 <lmxll> 18 46.433 NA 348.566 10 23908878 
TP49172 <lmxll> 18 46.72 NA 235.144 NA NA 
TP16716 <lmxll> 18 47.094 NA 237.904 10 17946191 
TP98114 <lmxll> 18 47.412 NA 345.319 10 49894131 
TP41647 <lmxll> 18 48.043 NA 340.516 10 49907281 
TP27682 <lmxll> 18 48.401 NA 331.103 10 51120664 
TP88067 <lmxll> 18 48.718 NA 336.076 NA NA 
TP69479 <lmxll> 18 49.73 NA 451.389 10 53742253 




Table A3 (cont.) 
TP5549 <lmxll> 18 50.696 NA 480.007 10 54224031 
TP5069 <lmxll> 18 50.986 NA 460.425 NA NA 
TP117976 <lmxll> 18 51.224 NA 494.225 10 54224091 
TP32036 <lmxll> 18 51.502 NA 473.353 10 54195039 
TP52653 <lmxll> 18 51.842 NA 469.424 10 54853737 
TP85840 <lmxll> 18 52.565 NA 465.118 10 55067700 
TP9802 <lmxll> 18 53.412 NA 502.379 10 55412157 
TP27468 <lmxll> 18 53.769 NA 512.536 10 55747545 
TP114823 <lmxll> 18 54.131 NA 508.056 NA NA 
TP98623 <lmxll> 18 55.791 NA 527.006 10 56030729 
TP87929 <lmxll> 18 56.356 NA 520.541 10 55906531 
TP44836 <lmxll> 18 57.464 NA 550.176 3 73986714 
TP65378 <lmxll> 18 58.143 NA 533.71 10 56370424 
TP107118 <lmxll> 18 58.733 NA 541.094 10 56434536 
TP18795 <lmxll> 18 59.759 NA 558.742 NA NA 
TP34636 <lmxll> 18 60.596 NA 588.962 NA NA 
TP10873 <lmxll> 18 60.978 NA 593.167 NA NA 
TP122185 <lmxll> 18 61.415 NA 572.486 NA NA 
X242 <lmxll> 18 62.137 NA 608.306 10 58642427 
TP95828 <lmxll> 18 62.363 NA 596.408 NA NA 
TP2198 <lmxll> 18 63.123 NA 583.406 NA NA 
TP45831 <lmxll> 18 65.03 NA 602.59 10 58366734 
TP3578 <lmxll> 18 66.777 NA 612.301 NA NA 
TP53557 <lmxll> 18 68.302 NA 620.914 10 59069486 
TP66441 <lmxll> 18 70.982 NA 630.923 10 59812956 
TP78761 <lmxll> 18 72.494 NA 637.004 10 60008286 
TP37246 <lmxll> 18 73.779 NA 679.945 10 59599945 
TP23920 <lmxll> 18 76.385 NA 644.876 10 60861760 
TP31264 <lmxll> 18 77.529 NA 666.727 10 60303251 
TP90482 <lmxll> 18 78.633 NA 659.532 NA NA 
TP99974 <lmxll> 18 81.136 NA 652.306 10 60970280 
TP57216 <lmxll> 19 0 NA 717.029 7 41418733 
TP81380 <lmxll> 19 2.061 NA 729.371 10 60560252 
TP41105 <lmxll> 19 5.714 NA 694.215 9 1068287 
TP79348 <lmxll> 19 6.749 NA 706.872 NA NA 
TP76749 <lmxll> 19 8.176 NA 699.889 NA NA 
TP99824 <lmxll> 19 10.655 NA 685.381 10 59764614 
TP66551 <lmxll> 19 13.516 NA 641.933 10 58700730 




Table A3 (cont.) 
TP89816 <lmxll> 19 15.454 NA 616.314 10 58462111 
TP89188 <lmxll> 19 16.751 NA 588.085 10 54701351 
TP42848 <lmxll> 19 18.122 NA 546.525 10 54687690 
TP4872 <lmxll> 19 18.976 NA 564.624 10 55098329 
TP63994 <lmxll> 19 21.09 NA 536.798 10 53702846 
TP98235 <lmxll> 19 21.942 NA 524.468 10 53512454 
TP43265 <lmxll> 19 22.572 NA 531.931 NA NA 
TP17900 <lmxll> 19 23.665 NA 459.703 10 51408727 
TP31559 <lmxll> 19 24.699 NA 373.152 10 47105428 
TP121981 <lmxll> 19 25.174 NA 445.263 10 49463042 
TP80105 <lmxll> 19 25.837 NA 465.914 NA NA 
TP20190 <lmxll> 19 26.378 NA 381.805 10 47114060 
TP84646 <lmxll> 19 27.117 NA 391.337 2 136117 
TP102059 <lmxll> 19 27.564 NA 490.082 10 47756196 
TP18309 <lmxll> 19 27.782 NA 494.612 NA NA 
TP69126 <lmxll> 19 28.373 NA 484.367 10 51744815 
TP24621 <lmxll> 19 28.653 NA 478.649 10 50013912 
X647 <lmxll> 19 28.836 NA 412.54 10 50564913 
TP48456 <lmxll> 19 29.199 NA 386.984 10 9466193 
TP7624 <lmxll> 19 29.4 NA 407.82 5 3220286 
TP52141 <lmxll> 19 29.767 NA 421.551 10 49640501 
TP29278 <lmxll> 19 30.151 NA 397.796 10 49564051 
TP90491 <lmxll> 19 30.553 NA 428.507 NA NA 
TP58473 <lmxll> 19 30.981 NA 435.971 NA NA 
TP73264 <lmxll> 19 31.519 NA 404.127 6 42464981 
TP120740 <lmxll> 19 32.561 NA 366.261 10 60371130 
TP62427 <lmxll> 19 33.18 NA 355.77 10 11351785 
TP59076 <lmxll> 19 33.977 NA 360.66 10 9137430 
TP16722 <lmxll> 19 34.844 NA 343.874 10 8065062 
TP12801 <lmxll> 19 35.311 NA 324.685 10 6934914 
TP102291 <lmxll> 19 35.964 NA 350 10 7442757 
TP18932 <lmxll> 19 36.813 NA 331.202 NA NA 
TP70095 <lmxll> 19 37.396 NA 318.567 NA NA 
TP47170 <lmxll> 19 38.625 NA 300.838 10 6481062 
TP53945 <lmxll> 19 40.976 NA 288.887 NA NA 
TP66925 <lmxll> 19 41.795 NA 282.453 10 5340338 
TP46375 <lmxll> 19 42.758 NA 273.478 10 4938477 
TP51290 <lmxll> 19 44.737 NA 268.345 10 4445432 




Table A3 (cont.) 
TP121155 <lmxll> 19 48.275 NA 255.813 5 1549802 
TP95959 <lmxll> 19 49.335 NA 242.975 10 3630955 
TP89523 <lmxll> 19 50.516 NA 239.341 NA NA 
TP70255 <lmxll> 19 52.841 NA 220.171 10 3437348 
TP72930 <lmxll> 19 54.086 NA 215.98 10 3056936 
TP10261 <lmxll> 19 55.256 NA 231.865 NA NA 
TP106202 <lmxll> 19 58.661 NA 207.724 NA NA 
TP56427 <lmxll> 19 59.95 NA 201.45 NA NA 
TP53381 <lmxll> 19 61.776 NA 191.261 10 1829933 
TP98291 <lmxll> 19 62.709 NA 195.973 NA NA 
TP25639 <lmxll> 19 63.712 NA 186.548 10 2273092 
TP102978 <lmxll> 19 66.073 NA 179.864 NA NA 
TP124025 <lmxll> 19 67.729 NA 172.264 NA NA 
TP17017 <lmxll> 19 70.678 NA 163.24 NA NA 
X73 <lmxll> 19 72.187 NA 140.998 10 723372 
TP90066 <lmxll> 19 73.358 NA 149.736 10 1392613 
TP28083 <lmxll> 19 77.883 NA 142.028 NA NA 
X116 <hkxhk> 11 17.649 NA NA 6 49174455 
X21 <hkxhk> 12 72.075 NA 34.842 NA NA 
X625 <hkxhk> 7 54.076 NA NA 4 15759507 
TP59971 <hkxhk> 7 44.19 NA NA 4 7380085 
TP77278 <hkxhk> 7 21.88 NA 64.684 4 3510254 
TP87928 <hkxhk> 5 72.546 NA 10.054 NA NA 
TP92238 <hkxhk> 12 78.803 NA 6.07 NA NA 
TP94445 <hkxhk> 15 55.806 NA 22.303 8 4403215 
*
Marker type followed by the cross pollinator (CP) population type coding in JoinMap4.1. 
<nnxnp> indicates markers only polymorphic in the male parent (‘Kaskade’), <lmxll> indicates 
markers only polymorphic in the female parent (‘Strictus’), and <hkxhk> indicates markers 






Table A4 Mapped but not cloned zebra stripe genes in maize and rice, and their corresponding orthologous regions in Miscanthus. 










in sorghum based on 
marker positions on 
synteny maps in the 
Gramene database 
DNA markers bracketing the maize or rice zebra stripe 
gene within the corresponding genomic region in sorghum 
and mapped to the expected Miscanthus linkage groups 
(physical distance of marker in Mb to the nearest flanking 
region in sorghum is shown in parentheses) 
Markers within the 
corresponding 
genomic region in 
sorghum but mapped 
to unexpected 
linkage groups in 
Miscanthus 
    LG
*









zb1 Zea 5_long arm 4 58.624-63.717 7 TP41342
§
  (+0.141) TP94722
§
  (+0.068) 14 TP45746  
      8 TP11494  (+0.028) TP100217  (+0.055) 17 X174  
zebra 
crossbands2 
zb2 Zea Unknown          
zebra 
crossbands3 
zb3 Zea 1_short arm 1 41.253-73.834 1 TP99150  (-2.606) TP52517  (-1.122) 4 TP38875  
      2 TP99812  (-2.833) TP14576  (-0.144) 13 TP87906  
           18 TP24535 
           11 TP32722 
           18 TP85797  
           10 TP13550
‡‡
  
           8 TP81533  
           5 TP9166  
           12 TP46771  
           17 TP120777  




Table A4 (cont.) 
    8 0.010-0.057 14 TP92838  (-0.029) TP39889  (+0.613) 3 TP59249
‡‡
  
            
      15 TP66248  (-1.075/-1.028)||  3 TP81388 
§§
 
             19 TP13181  
zebra 
crossbands4 
zb4 Zea 1_short arm 1 62.174-62.764 1 TP22362  (-0.134) TP73053 (-0.019)   
      2 TP85751  (+0.180) TP115280 (-0.055)   
zebra 
crossbands5 
zb5 Zea 10 6  11       
      12       
    7  7       
      13       
    8  14       
      15       
    9  16       
zebra 
crossbands6 
zb6 Zea 4_long arm 4 50.986-57.122 7 TP16138
**
  (-5.330) TP90140
**
  (+0.404) 12 TP93885  
      8 TP77373  (+0.473) TP89888  (-0.250)   
zebra 
crossbands8 
zb8 Zea 9_short arm 10 3.595-4.076 18 TP68808  (+0.002) TP57706 (+0.369)   
      19 TP95959  (-0.036) TP107400 (-0.056)   
zebra necrotic1 zn1 Zea 10_long arm 7 8.782-12.035 7 TP60980
††
  (+2.937) TP56113
††
 (+2.027)   
      13 TP40257  (+0.009) TP68246  (+0.548)   
zebra necrotic2 zn2 Zea Unknown          
565 
 





Zea 5_long arm 1  1       
      2       
    4  7       
      8       
    10  18       
      19       
zebra1 z1 Oryza 11 5  9       
      10       
    8  14       
      15       
zebra3 z3 Oryza 3 1  1       
      2       
zebra4 z4 Oryza 8 7  7       
      13       
zebra5 z5 Oryza 4 6  11       
      12       
zebra6 z6 Oryza 7 2  3       
      4       
    10  18       
      19       
zebra7 z7 Oryza 5 9  16       
      17       
566 
 
Table A4 (cont.) 
zebra8 z8 Oryza 1 3  5       
      6       
zebra9 z9 Oryza 3 1  1       
      2       
zebra10 z10 Oryza 7 2  3       
      4       
    10  18       
      19       
zebra11 z11 Oryza 2 4  7       
      8       
zebra12 z12 Oryza 2 4  7       
      8       
zebra13 z13 Oryza 6 10  18       
      19       
    8  14       
      15       
zebra14 z14 Oryza 5 9  16       
      17       
      16       
      17       
zebra15 z15 Oryza 5_short arm 9 0.000-17.508 16 TP96200  (-0.915) TP33918 (-5.531)   





†The “+” sign before the physical distance indicates marker outside of the region, and the “-” sign indicates marker within the region. 
§
Maize zb1 gene region is outside of the QTL regions for Miscanthus zb1, zb2, and zbi1, and the distance from the QTL peak to the 
nearest flanking region of maize zb1 is 15.5 cM, 30.5 cM, and 19.5 cM, respectively. 
**
Maize zb6 gene region includes the QTL regions for Miscanthus zb1, zb2, and zbi1, and the distance from the QTL peak to the 
nearest flanking region of maize zb6 is 29.8 cM, 14.8 cM, and 25.8 cM, respectively.  
††
Maize zn1 gene region is outside of the QTL regions for Miscanthus zb1, zb2, and zbi1, and the distance from the QTL peak to the 
nearest flanking region of maize zn1 is 28.2 cM, 13.2 cM, and 24.2 cM, respectively. 
‡‡
Markers are outside of their corresponding Miscanthus QTL region, and none of the markers are within 20 cM of its corresponding 
QTL peak. 
§§
 Distance between the marker and its corresponding Miscanthus QTL cannot be calculated due to <lmxxll> marker type, which 
indicates only polymorphic in the female parent (‘Strictus’), and therefore not mapped on the male parent (‘Kaskade’) map.  
||Only one marker was found to be close to the corresponding genomic region in sorghum because the region was located towards the 
end of the linkage group. Physical distance was calculated between the marker position in sorghum and both flanking region in 





Table A5 Candidate genes for Miscanthus zebra stripe presence/absence and intensity identified from sorghum, maize, rice and 
Arabidopsis due to their function in chloroplast development and chlorophyll biosynthesis. 
Miscanthus QTL Putative orthologs    




sorghum based on 
sorghum physical 
map  












 Range (cM) LG Range(Mb)     
zb3 & zbi2 10 2.000-9.000 5 0.637-1.896 Sorghum Sb05g000530 ferric iron binding 1 
      Sb05g000870 putative uncharacterized protein 2 
      Sb05g001270 cysteine desulfurase NFS1 3 
      Sb05g001450 similar to serine/threonine-protein kinase 
NAK, putative, expressed 
4 
     Zea GRMZM2G325575 ferritin-1, chloroplastic 
precursor/ferritin1/ferritin/ferritin-4 
1 
      GRMZM5G829928 putative uncharacterized protein 2 
      GRMZM2G059700 cysteine desulfurylase 3 
      AC212859.3_FG003 unknown 4 
     Oryza Os12g01530.2 ferritin-1, chloroplast precursor, putative, 
expressed 
1 
      Os11g01890.1 expressed protein 2 




Table A5 (cont.) 
      Os06g45280.1 protein kinase APK1B, chloroplast precursor, 
putative, expressed 
4 
     Arabidopsis AT2G40300.1 ferritin 4 1 
      AT1G21600.2 plastid transcriptionally active 6, involved in 
plastid gene expression 
2 
      AT1G08490.1 chloroplastic NIFS-like cysteine desulfurase 3 
      AT5G01020.1 protein kinase superfamily protein 4 
zb2 7 34.000-41.968 7 36.467-62.838 Sorghum Sb07g024090 chlorophyllase-2 activity, chlorophyll catabolic 
process 
1 
      Sb07g025550 similar to CRS2-associated factor 1, 
chloroplast precursor 
2 
      Sb07g027430 similar to chloroplast 30S ribosomal protein S3 3 
      Sb07g027500 PsbP, similar to thylakoid lumen protein, 
chloroplast-like 
4 
      Sb07g027700 oxidoreductase activity 5 
      Sb07g027760 oxidoreductase activity, acting on single 
donors with incorporation of molecular 
oxygen, incorporation of two atoms of oxygen, 
iron ion binding, protein binding 
6 
     Zea GRMZM2G103197 electron carrier activity, oxidoreductase 
activity, chlorophyllase activity 
1 
      GRMZM2G173923 CRS2-associated factor 1, chloroplastic 
precursor (chloroplastic group IIA intron 
splicing facilitator CRS2-associated factor 1) 
2 
      GRMZM2G024079 unknown 3 
      GRMZM2G172723 PsbP, calcium ion binding, oxygen evolving 
complex, photosynthesis, photosystem II, 




Table A5 (cont.) 
      GRMZM2G115442 3-oxoacyl-[acyl-carrier protein] reductase  5 
      GRMZM2G009479 lipoxygenase activity 6 
     Oryza Os10g28370.1 chlorophyllase-2, chloroplast precursor, 
putative, expressed 
1 
      Os01g31110.1 CRS2-associated factor 1, chloroplast 
precursor, putative, expressed 
2 
      Os04g16824.1 chloroplast 30S ribosomal protein S3, putative, 
expressed 
3 
      Os08g40160.1 thylakoid lumen protein, chloroplast precursor, 
putative, expressed 
4 
      Os08g39960.1 3-oxoacyl-reductase, chloroplast precursor, 
putative, expressed 
5 
      Os08g39850.1 lipoxygenase, chloroplast precursor, putative, 
expressed 
6 
     Arabidopsis AT1G19670.1 chlorophyllase 1 1 
      AT2G20020.1 RNA-binding CRS1 / YhbY (CRM) domain-
containing protein 
2 
      ATCG00800.1 structural constituent of ribosome 3 
      AT1G76450.1 photosystem II reaction center PsbP family 
protein 
4 
      AT3G55290.1 NAD(P)-binding rossmann-fold superfamily 
protein 
5 
          AT3G45140.1 lipoxygenase 2 6 
zb1 & zbi1 7 46.000-52.000 4 40.066-62.711 Sorghum Sb04g031830 2-C-methyl-D-erythritol 2,4-cyclodiphosphate 






Table A5 (cont.) 
     Zea AC209374.4_FG002 2-C-methyl-D-erythritol 2,4-cyclodiphosphate 
synthase activity, terpenoid biosynthetic 
process 
2 
     Oryza Os02g45660.1 2-C-methyl-D-erythritol 2,4-cyclodiphosphate 
synthase, ISPF chloroplast precursor, putative, 
expressed 
3 
     Arabidopsis AT1G63970.1 isoprenoid F, encodes a protein with 2-C-
methyl-D-erythritol 2,4-cyclodiphosphate 
synthase activity. Plants defective in this gene 
display an albino lethal phenotype 
4 
zbi3 3 7.000-28.000 2 1.959-74.085 Sorghum Sb02g002690 photosystem II oxygen-evolving enhancer 
protein 2, calcium ion binding, extrinsic to 
membrane, photosynthesis 
1 
      Sb02g002830 photosystem II 10 kDa polypeptide PsbR, 
oxygen evolving complex, thylakoid 
membrane, photosynthesis 
2 
      Sb02g002900 oxidoreductase activity, oxidation-reduction 
process 
3 
      Sb02g002960 photosystem I reaction center subunit 
psaK/psaG, chloroplast precursor, membrane, 
photosystem I 
4 
      Sb02g003230 9-cis-epoxycarotenoid dioxygenase 5 
      Sb02g003310 RNA recognition motif 6 
      Sb02g004380 chlorophyll A-B binding protein, early light-
induced protein 
7 
      Sb02g004580 tryptophan synthase alpha chain, tryptophan 
metabolic process, tryptophan synthase activity 
8 
      Sb02g006100 enzymatic reaction of: carotene 7,8-desaturase 





Table A5 (cont.) 
      Sb02g006430 NAD dependent epimerase/dehydratase 10 
      Sb02g009540 thiolester hydrolase activity, fatty acid 
biosynthetic process 
11 
      Sb02g009570 aspartate kinase, cellular amino acid 
biosynthetic process 
12 
      Sb02g009575 aspartate kinase 13 
      Sb02g010190 photosystem I reaction center subunit IV/PsaE, 
photosynthesis, chloroplast precursor 
14 
      Sb02g012201 chlorophyllase activity 15 
      Sb02g012300 enzymatic reaction of: chlorophyllase-2, 
chloroplast precursor, putative 
16 
      Sb02g013390 sulfate/bicarbonate/oxalate exchanger SAT-1 
and related transporters (SLC26 family), 
transmembrane transport, transporter activity, 
integral to membrane, transport 
17 
      Sb02g014000 similar to putative defective chloroplasts and 
leaves (DCL) protein, protein of unknown 
function (DUF3223) 
18 
      Sb02g018530 enoyl-[acyl-carrier protein] reductase 19 
      Sb02g019450 similar to bifunctional 
aspartokinase/homoserine dehydrogenase 2, 
chloroplast precursor (AK-HD 2) (AK-HSDH 
2) 
20 
      Sb02g020290 light-harvesting complex II chlorophyll a/b 
binding protein 7 
21 






Table A5 (cont.) 
      Sb02g020410 GDP-mannose pyrophosphorylase/mannose-1-
phosphate guanylyltransferase, glucose-1-
phosphate adenylyltransferase, 
nucleotidyltransferase activity, biosynthetic 
process 
23 
      Sb02g020430 anthranilate synthase component II, indole-3-
glycerol-phosphate synthase activity 
24 
      Sb02g021480 polypeptide: retinal pigment epithelial 
membrane protein, expressed 
25 
      Sb02g021490 beta, beta-carotene 15,15'-dioxygenase and 
related enzymes 
26 
      Sb02g022910 porin/voltage-dependent anion-selective 
channel protein, transmembrane transport 
27 
      Sb02g022920 menaquinone-specific isochorismate synthase 28 
      Sb02g022940 CRS1/YhbY (CRM) domain, RNA binding 29 
      Sb02g024510 [ribulose-bisphosphate carboxylase]-lysine N-
methyltransferase, protein binding 
30 
      Sb02g025740 light-harvesting complex I chlorophyll a/b 
binding protein 2 
31 
      Sb02g026930 zinc ion binding, predicted carbonic anhydrase 
involved in protection against oxidative 
damage 
32 
      Sb02g027070 phosphoribosylaminoimidazolesuccinocarboxa
mide synthase activity 
33 
     Zea GRMZM2G016677 photosynthesis, calcium ion binding, thylakoid 
membrane, oxygen evolving complex, extrinsic 
to membrane 
1 
      GRMZM2G174984 photosynthesis, integral to thylakoid 





Table A5 (cont.) 
      GRMZM2G011858 Oxidation-reduction pr39ocess, ferredoxin-
NADP+ reduc40tase activity, oxidoreductase 
activity, favin adenine dinucleotide binding, 
NADP binding, thylakoid membrane 
3 
      GRMZM2G012397 photosynthesis, integral to thylakoid 
membrane, photosystem I, membrane 
4 
      AC205726.4_FG005 unknown 5 
      GRMZM2G026614 nucleic acid binding, RNA binding, plastid 
stroma 
6 
      GRMZM2G355752 early light inducible protein 1 (elip 1) 7 
      GRMZM2G015436 tryptophan metabolic process, metabolic 
process, catalytic activity, tryptophan synthase 
activity 
8 
      GRMZM2G454952 metabolic process, carotenoid biosynthetic 
process, oxidation-reduction process, 
oxidoreductase activity, carotene 7,8-
desaturase activity, plastid 
9 
      GRMZM2G111216 homoiothermy, cellular metabolic process, 
response to freezing, catalytic activity, UDP-
glucose 4-epimerase activity, coenzyme 
binding, ice binding, plastid stroma 
10 




      GRMZM2G019314 unknown 12 
      GRMZM2G019314 unknown 13 
      GRMZM2G016066 photosynthesis, catalytic activity, thylakoid 






Table A5 (cont.) 
      GRMZM2G103197 electron carrier activity, oxidoreductase 
activity, chlorophyllase activity 
15 
      GRMZM2G103197 electron carrier activity, oxidoreductase 
activity, chlorophyllase activity 
16 
      GRMZM2G068212 sulfate transport, transmembrane transport, 
transporter activity, secondary active sulfate 
transmembrane transporter activity, integral to 
membrane 
17 
      GRMZM2G037743 protein of unknown function (DUF3223) 18 
      GRMZM2G070422 metabolic process, oxidation-reduction process, 
oxidoreductase activity, plastid stroma 
19 
      GRMZM2G104546 tRNA amonoacylation for protein translation, 
cellular amino acid metabolic process, cellular 
amino acid biosynthetic process, aspartate 
family amino acid biosynthetic process, 
oxidation-reduction process, nucleotide 
binding, aspartate kinase activity, homoserine 
dehydrogenase activity, aminoacyl-tRNA 
ligase activity, ATP binding, oxidoreductase 
activity, amino acid binding, NADP binding, 
cytoplasm 
20 
      GRMZM2G131489 integral to thylakoid membrane 21 
      GRMZM2G047095 heme biosynthetic process, ferrochelatase 
activity 
22 
      GRMZM2G061795 glucose-1-phosphate adenylytransferase 
activity, nucleotidyltransferase activity 
23 
      GRMZM2G145870 tryptophan metabolic process, metabolic 
process, catalytic activity, indole-3-3glycerol-





Table A5 (cont.) 
      AC197699.3_FG002 beta, beta-carotene 15,15'-dioxygenase and 
related enzymes, retinal pigment epithelial 
membrane protein, 9-cis-epoxycarotenoid 
dioxygenase 
25 
      AC194863.3_FG006 9-cis-epoxycarotenoid dioxygenase 26 
      AC200234.3_FG002 unknown 27 
      GRMZM2G022837 isochorismate synthase 28 
      GRMZM2G142740 RNA binding 29 
      GRMZM2G154767 unknown 30 
      GRMZM2G117412 integral to thylakoid membrane 31 
      GRMZM2G145101 carbon utilization, carbonate dehydratase 
activity, zinc ion binding 
32 
      GRMZM2G117268 phosphoribosylaminoimidazolesuccinocarboxa
mide synthase activity, purine nucleotide 
biosynthetic process 
33 
     Oryza Os07g04840.1 PsbP, putative, expressed 1 
      Os07g05365.1 photosystem II 10 kDa polypeptide, chloroplast 
precursor, putative, expressed 
2 
      Os07g05400.1 ferredoxin--NADP reductase, chloroplast 
precursor, putative, expressed 
3 
      Os07g05480.1 photosystem I reaction center subunit, 
chloroplast precursor, putative, expressed 
4 
      Os07g05940.1 9-cis-epoxycarotenoid dioxygenase 1, 
chloroplast precursor, putative, expressed 
5 
      Os07g06450.1 RNA recognition motif containing protein, 
putative, expressed 
6 
      Os07g08160.1 early light-induced protein, chloroplast 




Table A5 (cont.) 
      Os07g08430.1 indole-3-glycerol phosphatelyase, chloroplast 
precursor, putative, expressed 
8 
      Os07g10490.1 zeta-carotene desaturase, 
chloroplast/chromoplast precursor, putative, 
expressed 
9 
      Os07g11110.1 NAD dependent epimerase/dehydratase family 
protein, putative, expressed 
10 
      Os11g43820.1 myristoyl-acyl carrier protein thioesterase, 
chloroplast precursor, putative, expressed 
11 
      Os07g20544.1 aspartokinase, chloroplast precursor, putative, 
expressed 
12 
      Os03g63330.1 aspartokinase, chloroplast precursor, putative, 
expressed 
13 
      Os07g25430.1 photosystem I reaction center subunit IV A, 
chloroplast precursor, putative, expressed 
14 
      Os10g28370.1 chlorophyllase-2, chloroplast precursor, 
putative, expressed 
15 
      Os10g28370.1 chlorophyllase-2, chloroplast precursor, 
putative, expressed 
16 
      Os09g06499.1 sulfate transporter 4.1, chloroplast precursor, 
putative, expressed 
17 
      Os08g21700.1 DCL, chloroplast precursor, putative, 
expressed 
18 
      Os09g10600.1 enoyl-acyl-carrier-protein reductase NADH, 
chloroplast precursor, expressed 
19 
      Os09g12290.1 bifunctional aspartokinase/homoserine 






Table A5 (cont.) 
      Os09g12540.1 chlorophyll A-B binding protein, putative, 
expressed 
21 
      Os09g12560.1 ferrochelatase-2, chloroplast precursor, 
putative, expressed 
22 
      Os09g12660.1 glucose-1-phosphate adenylyltransferase large 
subunit, chloroplast precursor, putative, 
expressed 
23 
      Os09g08130.2 indole-3-glycerol phosphate synthase, 
chloroplast precursor, putative, expressed 
24 
      Os08g28240.1 carotenoid cleavage dioxygenase, putative, 
expressed 
25 
      Os09g15240.1 carotenoid cleavage dioxygenase, putative, 
expressed 
26 
      Os09g19734.3 isochorismate synthase 1, chloroplast 
precursor, putative, expressed 
27 
      Os09g19734.1 isochorismate synthase 1, chloroplast 
precursor, putative, expressed 
28 
      Os09g19850.1 chloroplastic group IIA intron splicing 
facilitator CRS1, chloroplast precursor, 
putative, expressed 
29 
      Os09g24530.1 ribulose-1,5 bisphosphate 
carboxylase/oxygenase large subunit N-
methyltransferase, chloroplast precursor, 
putative, expressed 
30 
      Os09g26810.1 chlorophyll A-B binding protein, putative, 
expressed 
31 






Table A5 (cont.) 
      Os09g29190.1 phosphoribosylaminoimidazole-
succinocarboxamide synthase, chloroplast 
precursor, putative, expressed 
33 
     Arabidopsis AT1G06680.1 photosystem II subunit P-1 1 
      AT1G79040.1 photosystem II subunit R 2 
      AT1G30510.1 root FNR 2 3 
      AT1G30380.1 photosystem I subunit K 4 
      AT1G78390.1 9-cis-epoxycarotenoid dioxygenase 9 5 
      AT3G52380.1 chloroplast RNA-binding protein 33 6 
      AT3G22840.1 chlorophyll A-B binding family protein 7 
      AT4G02610.1 aldolase-type TIM barrel family protein 8 
      AT3G04870.1 zeta-carotene desaturase 9 
      AT3G63140.1 chloroplast stem-loop binding protein of  41 
kDa 
10 
      AT1G08510.1 fatty acyl-ACP thioesterases B 11 
      AT5G13280.1 aspartate kinase 1 12 
      AT5G14060.2 aspartate kinase family protein 13 
      AT2G20260.1 photosystem I subunit E-2 14 
      AT1G19670.1 chlorophyllase 1 15 
      AT5G43860.1 chlorophyllase 2 16 
      AT5G13550.1 sulfate transporter 4.1 17 
      AT3G46630.1 protein of unknown function (DUF3223) 18 
      AT2G05990.1 NAD(P)-binding Rossmann-fold superfamily 
protein 
19 
      AT4G19710.2 aspartate kinase-homoserine dehydrogenase ii 20 
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Table A5 (cont.) 
      AT1G76570.1 chlorophyll A-B binding family protein 21 
      AT5G26030.1 ferrochelatase 1 22 
      AT5G48300.1 ADP glucose pyrophosphorylase  1 23 
      AT2G04400.1 aldolase-type TIM barrel family protein 24 
      AT3G63520.1 carotenoid cleavage dioxygenase 1 25 
      AT1G30100.1 9-cis-epoxycarotenoid dioxygenase 5 26 
      AT3G01280.1 voltage dependent anion channel 1 27 
      AT1G18870.1 isochorismate synthase 2 28 
      AT4G29750.1 CRS1 / YhbY (CRM) domain-containing 
protein 
29 
      AT1G14030.1 rubisco methyltransferase family protein 30 
      AT1G19150.1 photosystem I light harvesting complex gene 6 31 
      AT4G33580.1 beta carbonic anhydrase 5 32 






Supplementary materials and methods 
Genomic DNA extraction  
Young leaves from each progeny of the mapping population and the two parental genotypes were 
collected in 15 mL flip tubes (Nunc EZ) and stored in a -80 ˚C freezer. All the leaf samples were 
freeze dried as follows: samples were first frozen in the freeze drier at -34. 4 ˚C overnight, then 
vacuum was turned on and samples were freeze dried at -28.8 ˚C for 24 hours, -2.2 ˚C for 12-24 
hours, 4.4 ˚C for 12-24 hours, 15.5 ˚C for 12-24 hours, 23.8 ˚F for 12-24 hours. After the 
samples were freeze dried, one 4 mm stainless steel ball and three 11 mm stainless steel balls 
were added it to the 15 mL tubes for grinding. All the dried leaf samples were pulverized at 1500 
rpm for 3 minutes using a Geno/Grinder 2000 ball mill (SPEX SamplePrep, LLC; Metuchen, NJ). 
Lyophilized samples were stored at -20 ˚C before and after milling. Genomic DNA was 
extracted from lyophilized, powdered leaf tissue by using a CTAB method modified from 
Kabelka et al. (2002). DNA was quantified using a Quant-iT
TM
 dsDNA  Picogreen® kit (Life 
Technologies) and DNA concentration was normalized to 100 ng/ul for GoldenGate™ and 
RAD-seq analysis.  
 
RAD-seq libraries preparation 
The protocol for generating RAD libraries for Illumina sequencing was developed by Dr. 
Lindsay Clark in Erik Sacks Lab at the University of Illinois (Clark et al., 2014), based on a 
protocol used on sorghum, barley, and wheat (Poland et al., 2012). Genome complexity 
reduction was achieved with a two-enzyme system, which includes one infrequent-cutter and one 
frequent-cutter. The combination of 6 bp rare-cutting enzyme PstI (CTGCAG) and a 4 bp 
common-cutting enzyme MspI (CCGG) produced a digest mainly composed of fragments with a 
rare cut-site and a common cut-site or fragments with two common cut-sites. Barcoded forward 
adapter (P1 adapter), contained a forward amplification primer site, an Illumina sequencing 
primer site, and a 4-10 bp barcode as unique identifiers for each DNA fragment. P1 adapters 
were designed with the PstI restriction overhang whereas the P2 adapters (common reverse 
adapter) bind to the MspI generated overhang. The P2 adapter was designed as a divergent “Y” 
adapter, containing the reverse complement of the reverse amplification primer site. This design 
prevented the amplification of genomic fragments lacking a P1 adapter and only amplified the 
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PstI-MspI fragments, which produced a uniform library, all consisting of the barcoded forward 
adapter and the common reverse adapter. The two-enzyme approach also allowed us to multiplex 
95 samples into one sequencing library with one unused barcode as contamination control and 
library identifier and only tags adjacent to PstI sites were sequenced. In this way, large numbers 
of SNPs can be both mined and genotyped inexpensively. Most individuals from this mapping 
population were duplicated in a second round of libraries in order to obtain at least 500,000 read 
counts per sample, except for 36 individuals with low concentrations (less than 50 ng/ul). These 
36 individuals were diluted to 30 ng/ul and only included in library once for sequencing. Both 
parents were included in four libraries to obtain high read depth. 
Adapters: A 96-well plate of PstI adapters at 1 μM were provided by Dr. Pat Brown at the 
University of Illinois, Urbana-Champaign (Thurber et al., 2013) and MspI adapters were ordered 
from Integrated DNA Technologies (Coralville, Iowa, U.S.). PstI adapters were adjusted to 0.1 
μM whereas MspI adapters were adjusted to 10 μM. The adapters were annealed by heating to 
95°C and then slowly cooling to 25°C at a rate of -1°C /20 seconds. 
PstI adapters:  
 Adapter 1 top: 
 5'GATCTACACTCTTTCCCTACACGACGCTCTTCCGATCTxxxxTGCA3'  
 Adapter 1 bottom:  
5'yyyyAGATCGGAAGAGCGTCGTGTAGGGAAAGAGTGTAGATC3'  
xxxx and yyyy were the barcode and its reverse complement, respectively. Barcodes and oligo 
sequences were obtained from Dr. Pat Brown's lab at the University of Illinois.  
MspI adapters: 
 Adapter 2 top:  
5'CGCTCAGGCATCACTCGATTCCTCCGAGAACAA3'  
 Adapter 2 bottom: 
5'CAAGCAGAAGACGGCATACGACGGAGGAATCGAGTGATGCCTGAG3'  
MspI adapters were ordered from the New England Biolabs. 
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Illumina PCR primers:  




 5'CAAGCAGAAGACGGCATACGA3'  
DNA quantification and dilution: The genomic DNA was quantified using Quant-iT Picogreen 
kit (Life Technologies Corporation, Carlsbad, California, U.S.). Based on the Picogreen 
concentration estimates, the genomic DNA was diluted to a uniform concentration of 50 ng/μl in 
a buffer consisting of 10 mM Tris and 0.1 mM EDTA. 
Restriction digestion: 250 ng of genomic DNA from each individual (50 ng/μl) was digested in 
15 ul total restriction digestion master mix consisting of 1X NEB Buffer4 (New England Biolabs) 
with 5 U each of PstI- HF(High-Fidelity) and MspI ordered from New England Biolabs (Ipswich, 
Massachusetts, U.S.). Digestion reactions were incubated at 37 °C for 3 hours, followed by a 20-
minute inactivation step at 80°C. 
Ligation: Ligation reaction was completed in the same tube/plate as digestion. For 50 ng/ul 
genomic DNA, 0.15 pmol of barcoded PstI adapters were first added to each well, followed by 5 
pmol MspI Y-adapter, 200 U T4 DNA ligase (New England Biolabs), and 8.5 μl of ligation 
master mix consisting of 1.18X T4 ligase buffer and 2.94 mM ATP. Ligation reactions were 
incubated at 25 °C for 2 hours and then at 65 °C for 20 minutes in order to inactivate the ligase. 
Clean up and amplification: Ligated samples from all the columns were pooled together into a 
PCR 8-well strip tube and 5 μl from each well of the plate were added to the wells on the strip 
tube. 60 μl of each well on the strip tube were mixed into one 1.5 ml tube and kept on ice. 40 μl 
of the pooled library were combined with a loading dye and run on 2% agarose gel with ethidium 
bromide for 20 minutes at 100 V until the ladder bands below 500 bp were distinguishable. A 
clean razor blade was used for each library to cut out the library smear between 200-500 bp 
where DNA was visible in this range. The Qiagen Gel Extraction Kit (Qiagen, Venlo, 
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Netherlands) was used to purify the DNA out of the gel slice. 3 ul of the gel-extracted purified 
library was amplified in a 50 μl PCR reaction (thermal cycling program at 98 °C for 30 seconds, 
then for 15 cycles consisting of 98 °C for 10 seconds, 65 °C for 30 seconds, 72 °C for 30 seconds 
and at 72 °C for 5 minutes.) using a high-fidelity polymerase Kapa Master Mix (New England 
Biolabs) and universal Illumina primers. The PCR product was run on a 2% agarose gel in order 
to remove primer-dimers.  
Quality control: Each library was quantified using a Quant-iT Picogreen kit (Life Technologies) 
in order to determine concentration (with the expected concentration of 10's of ng/μl). A DNA 
chip was run on the Bioanalyzer (Agilent Technologies, Inc.), a chip-based capillary 
electrophoresis machine to analyze RNA, DNA, and protein. It was expected to show a smooth 
curve from around 200 to 500 bp. The Bioanalyzer (Agilent Technologies) software was used to 
calculate the average fragment size. The concentration of the PCR product in nM was calculated 
using the following equation: 
 
x is the concentration in ng/μl, y is the average size in base pairs, and z is the concentration in nM. 
Each library was diluted to 10 nM in10 mM Tris. 20 μl of 10 nM library was sent to the 
University of Illinois Roy J. Carver Biotechnology Center DNA Sequencing Unit. A real-time 
PCR was used to confirm a concentration of 10 nM. Each library was sequenced on an Illumina 
HiSeq 2000 with 100 bp single-end reads. Fastq file sequencing data were obtained from the 
Keck Center at the University of Illinois for analysis. 
 
Sequence analysis and RAD-seq SNPs genotype calling 
The Universal Network-Enabled Analysis Kit (UNEAK) pipeline (Lu et al., 2013) in TASSEL 
version 3.0 standalone was used for discovering SNPs and calling genotypes. The enzyme set 
PstI-MspI was selected for creating tag count files from FASTQ sequence files. The 
UMergeTaxaTagCountPlugin was used to merge all the tag count files across 299 taxa with a 
minimum tag count set at the default 5, which means only the tags with five or more reads across 
all individuals were retained for pairwise alignment. From the MergeTaxaTagCountPlugin 
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3,826,966 unique tags were produced. Then, the UTagCountToTagPairPlugin was used with 
error tolerance rate of default 0.03, and identified 126,055 reciprocal tag pairs, which only differ 
in one nucleotide (SNPs). The UMapInfoToHapMapPlugin was used to further filter the SNP 
data, with a minimum minor allele frequency (MAF) of 0.15 and a maximum minor allele 
frequency of 0.5. To reduce missing data, the minimum call rate (mnC) of 90% for 
UMapInfoToHapMapPlugin was chosen, yielding 10,398 SNPs. To give accurate genotype calls, 
we classified SNP genotypes using the read count information from the hapmap.hmc file via the 
UNEAK pipeline. For a given SNP, if only a single allele was detected for a given individual, a 
minimum of five reads was required to call a homozygote. If fewer than five reads were present, 
a missing genotype was assigned to that individual in order to avoid the error of calling a 
genotype a homozygote, when in fact it is a heterozygote; 3.9% of the overall data was converted 
to missing in this way. 119,974 missing genotypes were assigned across all the individuals and 
SNPs. Three confirmed Miscanthus sinensis doubled haploid (DH) lines (Głowacka et al., 2012; 
Swaminathan et al., 2012) were used to distinguish paralogous loci from heterozygous loci. Any 
SNPs appearing heterozygous in at least one of the three DH lines were removed from the data 
set. 2,229 SNPs were eliminated this way and 8,169 SNPs were retained. 
 
RAD-seq SNP analysis 
Due to missing genotypes in either of the parents, 263 SNPs were removed from 8,169 SNPs. 
The missing rate for each SNP increased due to the conversion of low confident SNP genotype 
calls into missing values. To maintain missing rate by SNP less than 10%, 1,892 SNPs were 
eliminated, with 6,014 SNPs retained for further filtering. Missing rate by individual is less than 
30% across these 6,014 SNPs. The mean observed heterozygosity of these 6,014 SNPs was 51%. 
Principal component analysis (PCA) was performed in R on 293 individuals with 2 
parents across the selected 6,014 polymorphic SNPs. We were able to identify 19 individuals that 
clustered together with the female parent in the PCA plot (Fig. A6), 11 of which had appeared to 
be the product of self-fertilization of the female parent in GoldenGate SNPs analysis, whereas 
the remaining 8 had not been genotyped with GoldenGate markers. To further investigate these 
suspicious individuals, average heterozygosity was plotted against the proportion of missing data 
by individual, with 18 selfed individuals and 75 true F1 cross individuals, both identified by 
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GoldenGate markers, and 201 tested F1 individuals (Fig. A7). The average observed 
heterozygosity across each of the three groups was 38%, 54%, and 52 %, respectively. From the 
heterozygosity by missing data plot, 11 individuals with heterozygosity less than 0.4 were first 
eliminated. Then, 3 individuals with high missing data (greater than 14%) were removed. One 
outlier with average heterozygosity greater than 0.65 was removed. Thus, 15 individuals were 
identified from the heterozygosity by missing data plot and removed from the data set. The 8 
individuals identified from RAD-seq SNP data but not from GoldenGate data were in the list of 
the eighteen individuals identified from the heterozygosity by missing data plot. Along with the 
18 selfed individuals discovered from GoldenGate data, a total of 32 individuals were removed 
from the final data set due to high percentage of alleles from the female parent, high missing data, 
and low heterozygosity.  
For a polymorphic SNP marker in linkage map construction, marker classes must be 
categorized beforehand. Because heterozygote under-calling was anticipated within parental 
genotypes, we categorized marker class based on the allele frequency distribution in 261 F1 
progeny (excluding the 32 suspicious individuals identified from the previous filtering step). 
Three peaks were observed (expected allele frequencies of 0.25, 0.5, and 0.75), which 
represented the crosses of AA×Aa with 1:1 segregation of AA and Aa genotypes, Aa ×Aa with 
1:2:1 segregation of AA, Aa and aa genotypes, and aa × Aa with 1:1 segregation of Aa and aa 
genotypes. Then, Chi-square segregation distortion test (goodness-of-fit 𝑥2 test with P < 0.05) 
was performed in each marker class (allele frequency ranging from 0.2~0.3, 0.45~0.55, and 
0.7~0.8). Before running the test, if an unexpected homozygous genotype was observed among 
F1 progeny (less than 10% of the total number of genotypes) for markers only segregating in one 
parent and not the other, the unexpected homozygous genotype was converted into heterozygote 
due to heterozygote miscalled from the SNP genotype calling procedure; 22 SNPs were excluded 
because the ratio of unexpected homozygotes among the total genotypes was greater than 10%. 
After converting unexpected homozygous genotypes into heterozygotes, Chi-square tests were 
performed in each marker class; 2,634 segregation distorted markers were eliminated (P < 0.05), 
and thus 3,371 non-distorted SNPs were retained. Next, the marker class of these 3,371 non-
distorted SNPs was compared with two parental genotypes. Among these 3,371 SNPs, 86% 
matched their corresponding parental genotypes, and among the mismatched SNPs, 32% can be 
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explained by heterozygote under-calling in the parental genotypes. A total of 315 SNPs were 
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